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Abstract

Military installations serve as strategic staging areas that are integral to na-
tional security. The Army is currently reconsidering how it views its installa-
tions as part of the battle space under multi-domain operations, which in-
cludes technology modernization efforts, such as the rapidly expanding field
of connected and autonomous vehicle (CAV) technology. The DoD commu-
nity and military installations have an interest in investigating autonomous
transportation systems to determine their potential role in a broad range of
military applications. CAVs capture, store, and analyze tremendous
amounts of data. Military installations need to understand the data systems
and processes involved in CAV deployments. To that end, the Army is con-
ducting pilot projects that deploy updated and commercially-available CAVs
on installations and within adjacent communities to further demonstrate
their use and conduct research and development to optimize and inform the
integration of this emerging technology. This report documents the deploy-
ment of Autonomous Vehicle (AV) technologies at Joint Base Myer-Hender-
son Hall for a 9o-day pilot study to evaluate a commercially-available AV.
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Executive Summary

Military installations serve as strategic staging areas that are integral to
national security and require contemporary research and development
(R&D) efforts to explore and exploit rapidly changing innovations such as
autonomous vehicle (AV) technology. This report documents the deploy-
ment of AV technologies at Joint Base Myer-Henderson Hall (JBM-HH)
for a 90-day pilot study from 19 June to 27 September 2019 to evaluate the
commercially-available Olli manufactured by Local Motors, Inc. and the
AV technology that is provided by Robotic Research, LLC.

The central research question for the project was “How and why does an
AV transportation option on JBM-HH impact mission readiness and
assurance, transportation services and costs, and safety and quality of
life?” The project was exploratory research using a mixed methods, single-
case-study embedded design with multiple units of analysis that varied
across the research lines of effort (LOEs). Evidence included field and
participant observation, data collection and documentation, archival
records, interviews, and surveys. The research LOEs reflected the desire to
answer many emerging questions related to the dynamic nature of AV
technology during a field study in a comprehensive approach that included
the seven LOEs outlined below (Figure ES-1) to inform future smart
installation guidance and policies and AV related measures of effectiveness
and performance.

Figure ES-1. Seven research LOE used for a comprehensive analysis of the project.

‘ Measures of Effectiveness/Performance (MOE/MCPs) and Smart Installation Guidance |

QOutcomes

X &
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The planning and policy LOE determined that the state of AV technology
systems, government regulation, and product integration into the market is
not yet mature enough to recommend formal policy and procedures for mil-
itary installations to adopt AV systems into their formal fleets. However,
this study serves as a foundational baseline for future AV studies and the
findings highlighted the need for more installation pilots to examine other
AV systems deployed in varied use-cases, climates, topographies, and com-
munity settings. The project had no AV related injuries or crashes; however,
the low maximum speed of 12 mph disrupted normal traffic flow and identi-
fied a trade-off between risk and value, or risk and efficiency that requires
more AV experience and technology development to determine policy. The
use of AV technology must be incorporated with already proven transporta-
tion planning methodologies to ensure a holistic and deliberate approach
that integrates transportation demands, origin/destination studies, infra-
structure support, workforce requirements, user acceptance, accessibility,
and local/state governance compliance on public roads.

The infrastructure and operations LOE demonstrated AV shuttle service of
two AVs along the main routes of JBM-HH in a circular pattern from
Wright Gate to South Gate during a 2-hour lunch period on weekdays over
7 weeks and for special events throughout the 9o-day pilot. Electric vehicle
charging infrastructure is critical in meeting operational goals of the AV
fleet. The AV operated using a geo-fenced mapped route, which required

3 weeks for the technology to establish before transportation service avail-
ability, much longer than the anticipated few days planned for mapping.
The AV operated successfully for 8,900 minutes of scheduled service, but
inclement weather was a constraint. Existing roadway infrastructure on
JBM-HH was capable of accommodating the AV, but the low 4-in. clear-
ance was problematic at security checkpoints and made maneuvering the
vehicle on a 7% grade was challenging. Optimizing AV operations would
require additions and modifications to loading/unloading areas, traffic
signals, and other communication infrastructure. The AV team required
parking, charging, maintenance, and office space on the installation dur-
ing operations. Future infrastructure investment on installations should
consider technology that communicates and integrates with AV systems as
part of their planning process.

The data architecture and cybersecurity LOE collected and analyzed data
from AV sensors including light detection and ranging (LiDAR), radar,
cameras, and vehicle telemetry data of 92,092 files at 6 terabytes, which
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were transferred to a secure Federal government cloud storage and are
available for future data mining and analysis. The AV data and processing
system on the vehicle had no reliance on external network access, which
resulted in high security but a lack of real-time data transfer. Data transfer
into secure government cloud storage occurred manually through periodic
offloading via portable hard drives and overnight uploading with secure
offsite internet connections. Edge computing and real-time data were
limited highlighting the trade-off between risk and value. A standardized
mechanism for indexing data from various sources of AV technology
systems is needed to establish a solid data architecture and allow common
data queries and effective application of post-processing methods and data
analysis. Developing and documenting physical, operational,
communications, and cybersecurity assessment protocols will require
further research studies and use-case applications with multiple AV
technologies at varied installation locations with diverse missions. Both
the data environment and the applications require an integrated security
approach that is currently ill-defined in the 4G and 5G networks.

The data analytics LOE examined potential exploitation of AV data for sec-
ond-order impacts that may benefit the installation. AV sensors and tech-
nology are deployed to prioritize and optimize data gathering and deci-
sion-making for vehicle maneuver and navigation, and most of the artifi-
cial intelligence (AI) and data integration software for this purpose are
proprietary products. Therefore, optimizing additional data analytics may
require enhanced or additional sensors in the system. Reliability of the AV
was uncertain based on instances of hard reboot requirements for the
onboard system, which resulted in AV inoperability and data incongruity.
Apparent fragility of the technology stack and integration with the AV sen-
sor package demonstrated a need for continued development of more ro-
bust and resilient data processing and technology systems. A framework to
count passengers onboard the AV with acceptable reliability using AI Cog-
nitive Services was developed, but an effort to determine queue length of
vehicles behind the AV through Al failed due to the low position of the ex-
ternal camera on the rear of the vehicle. Data mining review by time/loca-
tion for incidents involving safety steward takeover of AV are possible but
proved extremely time consuming. Integration of geographic positioning
systems (GPSs) or other location data is essential for real-time data analyt-
ics. Edge computing use-cases that are most beneficial to installations for
real-time analytics should drive future investment in AI and supplemen-
tary sensor integration into current AV technology.
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The energy and economy LOE analyzed vehicle control unit and telemetry
data to conduct an energy consumption study with a comparative analysis
of the battery management system data to the vehicle operational limits.
Battery drainage of the AV was higher than expected during operations
and is a constraint. While the average range for the AV specifications was
20 miles for maximum load and 35 miles nominal, the realized range was
on the order of 16 to 19 miles, or approximately 55% of nominal. Cost of
operational energy for the AV ranged from $0.05 to $0.08/mile driven;
and $0.26 to $0.30/hr of operation during fixed route transportation ser-
vice based on the current price at JBM-HH of $0.07/kWh. Efficiency of
AV operation ranged from 0.69 kWh/mile to 1.14 kWh/mile. A 10% loss in
energy between the charging station power required and the battery
charge received was observed in the data, which is a reasonable planning
factor for converting operational energy demand to supplied energy. En-
ergy usage and consumption for AVs varies greatly with context of opera-
tions. The datasets were disparate and difficult to integrate for evaluation
of energy use, miles driven, hours of operation, vehicle status, and location
in a time sequence that allows detailed econometric analysis. Future data
indexing and collection should consider this in the data architecture de-
sign stage for determining data collection frequency, latency, and integra-
tion goals of the project.

The human factors LOE examined the results of over 379 service mem-
bers, families, and guests who rode the AV, with additional feedback from
other users of the JBM-HH transportation system interacting with the AV
as non-passengers. 154 surveys were gathered for analysis of trust in au-
tonomy, basic demographics, and perception of safety. Results show AVs
provide a perceived value to the installation and are considered intelligent,
but comfort and trust have mixed responses. Riding the AV tended to in-
crease trust in the vehicle. Ridership was much lower than expected but
may be attributed to limited duration and extent of deployment, lack of
advance marketing or advertising, and challenge in changing human hab-
its and behavior. Riders and non-riders want more transportation options
on JBM-HH, but achieving the “first and last mile” demands of users is a
challenge and a better outreach mechanism is needed to inform people
about the AV and its capabilities with links to transit hubs. Field observa-
tion determined low ridership for three primary reasons: (1) People
wanted to know when and where Olli was operating and did not have that
information, (2) People did not think it was safe and did not realize the
person onboard was a safety steward that could intervene if needed,
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(3) People did not realize it was available for rides after the mapping pe-
riod and did not know it was free of charge. The social nature of transpor-
tation adds complexity to AV and human interaction. The project survey
data did not detect before and after perceptions of the safety of the AV,
highlighting an opportunity for future research related to safety and how
trust is gained or lost through the use of technology.

The program integration LOE is an ongoing effort that explores how the
application of AVs on installations impacts mission readiness and mission
assurance in their function as strategic staging areas under multi-domain
operations and in the joint/interagency environment. Mission assurance
impacts were examined through the 17 mission assurance areas that DoD
has used to operationalize resilience. AVs demonstrated potential to im-
pact each of these areas if an enduring and compelling use-case and sup-
porting infrastructure is developed. Unmanned transportation services for
personnel or supplies during a pandemic is one such use-case that can en-
hance mission assurance across DoD and varied mission sets. AV technol-
ogies present opportunities to improve mission readiness/mission assur-
ance and inform decision-makers at installations, as well as leverage re-
gional planning approaches that extend into the military installation com-
munity where much of the national and generating forces and their fami-
lies live and work. The JBM-HH project is planned to expand into the sur-
rounding community through cooperative efforts with state and local gov-
ernments of the Northern Virginia Regional Commission (NVRC) pending
funds availability. A “way forward” matrix is proposed that identifies stra-
tegic future smart bases and AV pilot locations, geography/climates, aca-
demic partners, and joint force mission sets for a structured R&D frame-
work that builds on this foundational project.
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1.1

Introduction

Background

Military installations serve as strategic staging areas that are integral to na-
tional security. The Army is currently reconsidering how it views its installa-
tions as part of the battle space under multi-domain operations (MDO).
This review includes technology modernization efforts, such as the rapidly
expanding field of connected and autonomous vehicle (CAV) technology.
The DoD community and military installations have an interest in investi-
gating autonomous transportation systems to determine their potential role
in a broad range of areas including infrastructure, security, economic im-
pacts, cyber-activity, and communications. CAVs capture, store, and ana-
lyze tremendous amounts of data. Additional methods of processing this
raw data could facilitate transportation optimization. Moreover, such data
must be protected from external exploitation. Appendix A to this report
provides a primer on this subject and includes a comprehensive list of
commercially-available CAVs as of this writing.

Military installations need to understand the data systems and processes
involved in CAV deployments. To that end, CAV demonstrations have been
conducted on Army installations through the U.S. Army Research Labora-
tory (ARL) and the U.S. Army Tank Automotive Research Development
and Engineering Center (TARDEC), Ground Vehicle Robotics program en-
titled Applied Robotics for Installations and Base Operations (ARIBO).
The ARIBO program demonstrated CAV use on installations and matured
the technology through increasing stages of chauffeured, safety operator,
and fully autonomous vehicle (AV) operations within limited internal in-
stallation routes. The ARIBO projects occurred from 2016 to 2018 at loca-
tions including Fort Bragg, NC and West Point USMA, NY. Although the
ARIBO program is no longer active, development of CAV technology has
continued. The reorganization that resulted in the establishment of Army
Futures Command effectively focused the Army’s institutional expertise in
CAV technology at ARL and the newly formed U.S. Army Combat Capabili-
ties Development Command (CCDC) Ground Vehicle Systems Center.
These commands are continuing to investigate CAV technologies and their
potential application in combat missions. The U.S. Army Engineer Re-
search and Development Center (ERDC) has taken a leadership role on
this project based on its expertise in infrastructure, energy, data analytics,
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and planning for installations to investigate and inform CAV deployments
on installations. ERDC’s efforts will improve mission readiness and inform
decision-makers at installations as they seek to establish a common oper-
ating picture to automatically identify integrated optimization choices us-
ing: Big Data, Predictive Analytics, and Al.

In February 2019 a collaborative submission for a CAV demonstration pro-
ject was proposed to Local Motors, Inc. by Joint Base Myers-Henderson
Hall (JBM-HH), Marine Corps Installations Command (MCICOM), and
ERDC with the support of the Office of the Assistant Secretary of the Army
(IE&E), DASA Strategic Integration as part of the “Greater Washington
Fleet Challenge.” On 15 March 2019, an official notice by Local Motors, Inc.
of the selection of JBM-HH as the regional location for the demonstration
was received. A sole-source contract to acquire data from the AV sensors
and weekly operational reporting from Local Motors during the AV demon-
stration was approved. This 90-day demonstration formed the Phase 1 mili-
tary installation AV deployment that is the time frame for this report.

A broader regional effort by the Northern Virginia Regional Commission
(NVRC) and its stakeholders to provide “first and last mile” transportation
options to local commuters and to reduce the traffic burden in the regional
highway system includes Phase 1 as well as follow-on Phase 2 and 3 pro-
jects that provide AV services from JBM-HH to key transit hubs and em-
ployment institutions such as Metro stations and the Pentagon. Figure 1
shows the envisioned timeline and phases of this broader regional effort.
The military liaison with the NVRC is a key integrator between the many
installations and the regional transportation plans.

The Army now needs to conduct pilot projects that deploy updated and
commercially-available CAVs on installations and within adjacent commu-
nities to further demonstrate their use and conduct research and develop-
ment (R&D) to optimize and inform the integration of this emerging tech-
nology. This report documents the deployment of AV technologies at Joint
Base Myer-Henderson Hall (JBM-HH) for a 9o-day pilot study from

19 June to 27 September 2019 to evaluate the commercially-available Olli
AV manufactured by Local Motors, Inc. and Robotic Research, LLC.
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Figure 1. Timeline and envisioned phases for the deployment of AV technology in the
Northern Virginia Region. Phase 1 is complete and occurred completely on JBM-HH. The
military liaison with the NVRC is a key integrator between the many installations and the

regional transportation plans.
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1.2

13

Objectives

The objective of this project was to document the deployment of AV tech-
nologies at Joint Base Myer-Henderson Hall (JBM-HH) for a 9o day pilot
study from 19 June 19 to 277 September 2019 to evaluate the commercially-
available Olli AV manufactured by Local Motors, Inc. and Robotic Re-
search, LLC. Specific objectives were to

e Explore the data captured and the process required to employ AVs dur-
ing the Olli AV deployment at JBM-HH

e Transfer data collected by the AVs and document process steps and
findings during the planning, site survey, setup, operational test,
demonstration, and employment of AV technologies at JBM-HH, and
within the surrounding community for evaluation of commercially-
available AVs like the Olli.

Approach

The central research question for the project was “How and why does an AV
transportation option on JBM-HH impact mission readiness and assurance,
transportation services and costs, and safety and quality of life?” The project
involved exploratory research using a mixed-methods, single-case-study
embedded design with multiple units of analysis that varied across the re-
search lines of effort (LOEs). Evidence included field and participant
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observation, data collection and documentation, archival records, inter-
views, and surveys. The research LOEs reflected the desire to answer many
emerging questions related to the dynamic nature of AV technology during
a field study in a comprehensive approach that included seven LOEs (out-
lined in Figure 2) to inform future smart installation guidance and policies
and AV-related measures of effectiveness and performance.

Figure 2. Seven research LOE used for a comprehensive analysis of the project.
Autonomous Vehicle Pilot Research Approach

| Measures of Effectiveness/Performance (MOE/MOPs) and Smart Installation Guidance |

Outcomes

Vision Research Lines of Effort
- & Mission
‘ Infrastructure and Operations > Readiness
" X &
Military ‘ Energy and Economy > Mission
installations “ Assurance
‘ Data Architecture and Cyber Security >
leverage y
connected and | Data Analytics > IR e
autonomous \ e
vehicle | Human Factors b\ _costs
technologies ‘ Planning and Policy > Safety
X &
‘ Program Integration > Quality of Life

Scope

The project included a 9o-day time period of Olli operations. The project
used Olli #10 and Olli #13, which represent the sequence of (version 1.0)
Ollis built by Local Motors. The pilot was conducted entirely within JBM-
HH perimeter on installation roadways. Note that, due to limited re-
sources from local and state stakeholders, the Phase 2 and 3 aspects of this
project, which would extend off JBM-HH, are still pending and thus not
included in this report. Figure 3 shows the timeline and phases along with
key milestones achieved and dates.
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Figure 3. Timeline and milestones achieved.
Autonomous Vehicle Timeline and Milestones

* Phases: Acquisition: Sole Source solicitation

* Phase 1a: Event and invitation maobility service at JBMHH

* Phase 1b: Fixed route and event mobility service at JEMHH

* Phase 2: Fixed route mobility service from JBMHH to Pentagon (FTA proposal for 12
months)

* Phase 3: Fixed route mobility service between JBMHH, Pentagon, and 2 metro stations

* Milestones:

« Data sharing from sensors (gov cloud) and vehicle (API)
« Combined survey
*  Weekly reporting

Phase 2:

)

June 2020 ——— @

19 June 2019
12 August 2019
March 2020
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1.5 Significant milestone dates

The anticipated timeline and key activities originally planned at JBM-HH
included

3 April 2019: Begin deployment planning and site survey.

4 April 2019: JBM-HH announced to be National Capital Region Local

Motors Olli Fleet Challenge location for AV pilot.

April to mid-May 2019: Infrastructure setup and operational testing,

vehicle and route setup and operational testing.

Mid-June 2019: Mobility service begin operation.

o Phase 1 service: internal JBM-HH route for 9o days.

o Phase 2 service: addition of route from JBM-HH to Pentagon from
day 91 to day 180 if milestones achieved.

o Phase 3 service: addition of route to two Metro stations at Rosslyn
and Pentagon City from day 181 to day 365.

16 June 2019: Federal acquisition process completed with award of sole-

source, firm fixed price contract to Local Motors for data transfer and pro-

cess reporting during Phase 1. Two additional options included in contract

continue data transfer and process reporting during Phases 2 and 3.

19 June 2019: JBM-HH Launch Event and Olli begins Phase 1a opera-

tions for invitational events. Launch event speakers include Cathy

McGhee, Director of Research and Innovation at the Office of the Vir-

ginia Secretary of Transportation; Jay Rogers, CEO and co-founder of

Local Motors; along with Army and Marine Corps leadership.

December 2020
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e 12 August 2019: Phase 1a completed with total of 16 events and 171 rid-
ers on Olli for 0.9-mile demonstration route. Phase 1b operations begin
along 4.4-mile fixed route from Wright Gate to South Gate of JBM-HH
with 14 stops and two Olli AVs between 1100-1300 daily.

e 18 September 2019: Conducted afternoon roundtable at JBM-HH of all
stakeholders to document project outcomes related to mission assur-
ance and mission readiness, safety and quality of life, and transporta-
tion services and costs.

e 27 September 2019: Phase 1b completed with total of 7 weeks (35 days)
of fixed route transportation service with over 450 miles traveled, 208
riders, 12 events, and 137 safety steward takeovers conducted.

e Deployment closure after 1-year operation.

Roles and responsibilities

The Federal roles and responsibilities for the JBM-HH deployment of
CAVs were formalized in a Federal Memorandum of Agreement (MOA). A
summary of the roles is

e ERDC-CERL as R&D project and contracting lead

e JBM-HH as project operation and support lead

e ASA IE&E as strategic communication lead

e MCICOM as joint integration lead and strategic communication sec-
ondary lead.

Appendix 0 presents a business case analysis regarding the JBM-HH CAV
technology pilot. This report, which was prepared for ASA(IE&E), sup-
ports the Army goal to increase readiness, build resilience, increase effi-
ciency, lower costs, and improve the quality of life of service members and
their families. To accomplish that goal, within the ASA(IE&E) role as stra-
tegic communicator, the business case analysis captures a cost-benefit of
expected returns to the Army.
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2.2

Planning and Policy

Research focus and methods

This LOE captures the individual key contributions to successful opera-
tions of AVs on base from a holistic perspective of planning and policy.
Planning ensures that AV operations are safe, that they meet the needs of
the users, and that they are not a burden to the mission. Policymakers may
consider regulating procurement processes, vehicle activities, and vehicle
capabilities, as well as other issues including privacy, security, traffic law,
and environmental regulations. This chapter presents the JBM-HH AV de-
ployment activities and their implications for planning and policy.

The project team’s weekly synchronization meeting, held Wednesday af-
ternoons for 1 hour via teleconference, was the mechanism for tracking
how the AV pilot was implemented throughout the planning, operation,
and closeout phases. All stakeholders were welcomed to participate. Care-
ful notes and observations from each meeting provided a list of players,
the activities and concerns of each player, and the workflow of activities,
including lead and cycle times. Recommendations reflected the collective
thoughts of the stakeholder group gathered from the project’s after-action
review, during which all stakeholders met in person at JBM-HH to discuss
individual viewpoints and lessons learned.

The following section provides a broad overview of AV policy at the local,
state, and national levels — to give a “big picture” view of the JBM-HH pi-
lot, from a national perspective.

Current policy and regulations

To date, the process of formulating AV policy has been limited. This is
likely due to the lack of clear precedent that might guide policymakers’ ac-
tions, and to the desire to avoid burdening the automotive and software in-
dustries with excessive regulations. There is a clear intent to facilitate AV
testing and full deployment through all levels of government and an ex-
pressed desire to include as many actors in the process as possible. The
general role of each level of government follows:

e Federal legislation and administrative regulations pertain to such mat-
ters as highways, vehicle safety, and fuel efficiency standards. The
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National Highway Traffic Safety Administration (NHSTA) and Federal
Motor Carrier Safety Administration (FMCSA) has led the bulk of the
Federal response to AVs. This agency’s embraces a permissive ap-
proach marked by regulatory restraint and implicit trust in AV devel-
opers (see section 2.3). FMCSA has a long history of oversight and reg-
ulation of commercial carrier applications of all vehicles; its authority
will also apply to specific AV use-cases that fall within their purview.

e State legislation and administrative regulations pertains to such mat-
ters as licensing of vehicles and operators, minimum vehicle standards,
insurance, roadway usage, and traffic laws, and other issues including
privacy, security, criminal law, and environmental regulations.

e State common law pertains to property, tort, and contract matters.

e Local ordinances address traffic, pedestrian, and bicycle safety and
parking.

Key policy challenges not clearly tied to a jurisdiction are data protection
rules and insurance markets.

2.2.1 Federal policy

The USDOT first released Preliminary Statement of Policy Concerning
Automated Vehicles (NHTSA 2013) (AV 1.0) in 2013. AV 1.0 covered the
National Highway Traffic Safety Administration’s (NHTSA) research plan,
definitions of automation levels, and recommendations for states focused
on AVs. Updated in September of 2017, Automated Driving Systems 2.0:
A Vision for Safety (NHTSA 2017) (AV 2.0) provided voluntary guidance
to industry and technical assistance and best practices to states that of-
fered a path forward to the safe testing and integration of automated driv-
ing systems. Preparing for the Future of Transportation: Automated Ve-
hicles 3.0 (AV 3.0) (USDOT 2018), which was released in October 2018,
remains the comprehensive policy guide at the national level. AV 3.0 is di-
vided into two sections:

1. “Automation and Safety” provides 12 safety elements to support the safe
testing and implementation of highly automated (Level 3-5) technology.
This section is designed to help AV manufacturers identify and resolve
safety considerations before deployment. For each element, the report pro-
vides safety goals and best practices for attaining those goals.

2. “Roles in Automation” starts by outlining the Federal and state roles in
regulating AVs. NHTSA is responsible for regulating motor vehicles and
motor vehicle equipment, and states are responsible for regulating the
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human driver and most other aspects of motor vehicle operations. From
that foundation, it then provides state legislators and highway safety offi-
cials with a framework of best practices for developing their own laws and
regulations. The goal of this guidance is to develop a consistent, unified na-
tional framework of laws and policies that promotes the development and
implementation of AVs (USDOT 2018, p. 5).

Most recently (January 2020), the USDOT in partnership with the White
House National Science and Technology Council released Ensuring Amer-
ican Leadership in Automated Vehicle Technologies: Automated Vehicles
4.0 (AV 4.0) (USDOT 2020), which provides high-level guidance to stake-
holders. The document details 10 U.S. Government principles for protect-
ing users and communities, promoting efficient markets, and facilitating a
standardized R&D approach in AVs. Many of the Federal government’s ef-
forts have been focused on funding research and policy development on
AVs, including the successful initiation of pilot programs. There have been
congressional legislation proposals regarding AVs, but nothing has passed.

FMCSA and NHTSA are involved in making and enforcing the Federal Mo-
tor Vehicle Safety Standards (FMVSS), which specify design, performance,
and safety requirements for vehicles that operate on public roads in the
United States. This entails complex implications for AV technology sys-
tems and their integration into the public transportation system. While
some AV companies are simply applying robotics to existing and already
FMVSS-approved vehicles, other AV innovations involve building custom
vehicles for which application of existing regulations and standards is
somewhat ambiguous, waivers for operation are required, or operation off
public roads is constraining. Figure 4, which shows the framework for U.S.
Department of Transportation’s (DOT’s) Vehicle Performance Guidance,
identifies the key areas to be addressed by manufacturers and other enti-
ties before testing or deploying AVs on public roadways.
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Figure 4. Key areas to be addressed by manufacturers and other entities before testing or
deploying the vehicle on public roadways.
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2.2.2 State policy

At the state level, a wide variety of laws and regulations have been intro-
duced and enacted. Since 2012, at least 41 states and the District of Colum-
bia have considered legislation related to AVs. Twenty-nine states and the
District of Columbia have enacted legislation related to AVs. Governors in
a handful of states have issued executive orders related to AVs.
(https://www.ncsl.org/ research/transportation/autonomous-vehicles-legislative-database.aspx)

Among the states that have enacted legislation related to AVs, there is
some variation in the statutory language and the focus of legislation re-
garding these topics:

e The “drivers” (people sitting behind the steering wheel) need to be pre-
approved and they need to have proof of training by the manufacturer.
e These “drivers” must also have the ability to take control of the car (via
steering wheel, gas pedal, and brake pedal, at a minimum) at any time.
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e Manufacturers are required to maintain some level of insurance cover-
age.

e Manufacturers need to show that their driverless vehicles have been
tested and can safely comply with all applicable traffic laws.

e Driverless vehicles must store sensor data for a pre-established amount
of time.

e Some reporting (of incidents, at a minimum) is required.

Currently, there is little consistency or precedent on a safety and licensing
framework among the existing and emerging legislation. Some states have
opted against the creation of new regulations for AV testing or operation
based on the concern that previous laws have restricted research in those
states that passed testing regulations. AV producers must also arrange
with state agencies for vehicle registration and safety inspection.

2.2.3 Local policy and key topics

Local government involvement in the advancement of AVs is minimal. A
few cities are making news as AVs are being tested on their streets (nota-
bly Mountain View, California, Las Vegas, Nevada, and Austin, Texas);
however, the cities are not necessarily investing in the technology or ac-
tively forming partnerships with the technology developers.

Cities are only just beginning to anticipate the implications of the rollout
of AVs and to establish approaches to the impending phenomenon in the
form of “comprehensive plans.” Comprehensive plans set strategic direc-
tion that should address anticipated shifts that will result from the intro-
duction of AVs. The following sections summarize some of the elements
that cities are incorporating into their comprehensive plans.

2.2.3.1 Traffic management

Traffic signals, signs, street marking, loading/unloading lanes, and parking
will likely need to change to accommodate AVs, especially where they can
help reduce potential conflicts between vehicular traffic and non-motorized
road users, such as cyclists and pedestrians. These will also be important
during the transitional phase where AVs and non-AVs share the roadway.
Optimizing a roadway for AVs will also require the installation of various
types of sensors and communications technology to allow vehicles to travel
more efficiently. Local decision-makers are still struggling to determine who
will pay for the installation of AV-friendly traffic management systems.
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2.2.3.2 Related infrastructure

Large numbers of AVs on city streets will generate additional types of in-
frastructure needs. Communication networks based on available Wi-Fi will
be crucial not just to vehicles, but also to the occupants who will be free to
teleconference, access the internet, and enjoy other activities instead of
needing to watch the road. Questions remain regarding who will install in-
frastructure and provide services on these Wi-Fi networks. Similarly, as-
suming that future AVs will largely be electric vehicles, where and when
will they charge, and how will this impact the power grid?

2.2.3.3 Liability

Smart transportation systems will rely on a complex interaction between
mechanical vehicles, the software within those vehicles, the software and
available technology within the roadways, and people. City managers are
concerned with who will be liable when an accident occurs, and how this
will affect insurance requirements. The liability regime that currently sup-
ports auto insurance is based on individual driver liability; this may soon
change to reflect a greater emphasis on the liability of the manufacturer of
an AV. Anderson et al. (2018) identify liability issues ranging from the ina-
bility of the insurance industry to measure aspects of AV technology (as
they currently do with drivers), the need for national standards, and the
potential need to insure against AV hacking by malicious actors. For exam-
ple, if a foreign power hacked all AVs in the United States and directed
them all turn left at the same time, the resulting calamity might require
catastrophic event insurance, such as flood insurance
(https://www.rand.org/pubs/conf_proceedings/CF383.html).

2.2.3.4 Workforce

The introduction of AVs may affect countless industries such as construc-
tion, manufacturing, communication, energy, and most directly, transpor-
tation. The transportation industry of truck drivers, delivery people, taxi
drivers, rail workers, and transit workers will likely see their current jobs
change significantly as AVs remove the need for a person to physically
move goods and people from place to place. Note, this does not equate to a
loss of jobs, but rather a shift in responsibilities. Truck drivers, for exam-
ple, perform all kinds of tasks, from checking vehicles and securing cargo,
to maintaining logs and providing customer service, all functions that AVs
are never intended to perform. Furthermore, Mudge and Kornhauser
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(2019) argue that Transportation Network Companies (TNCs), of which
Uber and Lyft are prime examples, are generating a new transportation
demand segment. Despite being known as “ride-sharing” firms, they serve
either single riders or single groups of riders that, for reasons other than
transport efficiency, were traveling together. The assertion is that these
travelers increase overall vehicle miles traveled, divert travelers from
transit, and contribute to a loss of unionized taxi drivers. In the most gen-
eral sense, AVs will undoubtingly create workforce changes.

2.2.3.5 Equity

AVs will have notable ramifications for social equity, particularly as it re-
lates to equitable access to resources, jobs, and amenities. While it is too
soon to determine who will benefit most from AVs and whether AVs will
improve or hinder access to affordable mobility, planners are considering
the equity implications to ensure that the safety and mobility benefits of
AVs are not only for those who can afford them. In cities and on military
installations, for example, access to health care and veterans’ services offer
compelling use-cases related to the equitable access to AV resources.

2.2.4 Current state of pilots

Given the physical and regulatory complexities of public roads, many AV
developers are testing in self-governed districts/closed campus, such as
colleges and military bases, where strict rules on road use do not apply. At
the time of publication, MCity (operated by the University of Michigan)
and GoMentum (operated by AAA Northern California, Nevada, and Utah)
were the most prevalent test sites. Thus far, single-occupancy vehicles
(traditional cars) are the prevailing mechanism for autonomous technol-
ogy experimentation although a number of cities and universities are test-
ing shuttles as a potential expansion of, or replacement for, existing public
transportation options. Several cities also have an AV pilot presence in the
form of small sidewalk delivery robots, and states, along with the Federal
government, are testing autonomous freight and/or highway technologies.
All pilots contribute to our understanding of this technology and its impact
within surrounding communities.

The mechanisms for initiating, funding, and managing pilots demonstrate a
wide range of possibilities, from formal agreements to impromptu demon-
strations, funded with a mix of local, Federal, and private money. This phe-
nomenon reflects a permissive Federal regulatory environment that allows
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2.3

pilot entities the flexibility to develop relationships at will. This gap in legis-
lation offers an opportunity to craft a localized approach to AV piloting that
addresses specific demonstration goals. Working with strategic partners like
USDOT, states, and regional entities near installations; and with the Ameri-
can Association of State Highway and Transportation Officials (AASHTO)
on other pilots, will inform this ongoing process so military installations can
integrate the latest information, regulations, and priorities.

Planning and policy data and findings
2.3.1 Stakeholders, collaboration, and roles

Stakeholders for the JBM-HH deployment were invited to participate in a
weekly synchronization meeting held Wednesday afternoons via telecon-
ference (15 May 2019 to 16 October 2019). The formal pilot partners were
initially invited, and others joined either by direct invitation or voluntarily
after hearing about the pilot by word-of-mouth. All were welcomed. The
meeting format was a collaborative discussion and information sharing
session to track action items and resolution. ERDC hosted and led the
web-based meeting. Table 1 outlines the standing agenda for the meeting
and lists the key pilot partners.

Table 1. General synchronization meeting agenda.

Welcome and Roll Call

Introduction—Review of where pilot sits with respect to overall timeline and milestones

Stakeholder Updates / Status Reports

U.S. Army Engineer Research and Development Center

Local Motors

Robotic Research

Joint Base Myer-Henderson Hall

Maine Corps Installations Command

Northern Virginia Regional Commission

Virginia Department of Transportation

Arlington County

Public Affairs

Others

Outstanding Issues

New Issues and Action ltems

Closing—Summary of anticipated products
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At least one member from each stakeholder group listed in the agenda at-
tended each synchronization meeting. On average, there was 1-3 other
stakeholder groups participating. These included staff from other installa-
tions interested in pursuing AV pilots and academic institutions interested
in the pilot data. Subject matter experts occasionally joined for specific
conversations (e.g., discussions regarding testing traffic light behavior),
but were more often consulted outside of the synchronization meeting
with results reported to the stakeholder group. Appendix B provides a
comprehensive list of the pilot’s stakeholders (defined as any entity that
interacted with the pilot in some capacity, big or small).

Largely, there was active and consistent participation. Some participants in-
evitably generated requests that they believed to be simple, but in practice
may be challenging; conversely, others hesitated to ask for fear of generat-
ing overburdening requests. Regular discussions mitigated these scenarios
by ensuring clear relationships and roles within the stakeholder group.

The Federal roles and responsibilities for the JBM-HH AV deployment
were formalized in a Federal MOA:

e JBM-HH as project operation and support lead

e ERDC-CERL as R&D project and contracting lead

e ASA IE&E as strategic communication lead

e MCICOM as joint integration lead and strategic communication sec-
ondary lead.

The following section provides more detailed descriptions of the activities
and authorities of the key players.

2.3.1.1 Joint Base Myer-Henderson Hall Major activities and authorities

JBM-HH conceived its role to provide the demonstration site over a num-
ber of years of activities and coordination. JBM-HH has a strong history of
innovation in military technologies and transportation that dates back to
Wilbur Wright and the first manned military test flights in 1909. In 2015,
JBM-HH hosted an Industry Day that invited AV technology companies
and related entities to provide ideas and opportunities related to their
unique systems that may integrate with military needs. MCICOM, Local
Motors, Robotic Research, and many other entities participated in the In-
dustry Day discussions. JBM-HH has a long history of working with the
NVRC to address regional traffic congestion, reduce the number of single-



ERDC/CERL TR-20-9 16

occupancy individual commuters, and solve the “first and last mile chal-
lenge” of the transportation system. Thus, a natural collaboration between
JBM-HH, MCICOM, and NVRC was established. Its long history of instal-
lation-related R&D with the joint services, and participation in the Trans-
portation Research Board Military Transportation Committee, established
ERDC as the project’s research lead in evaluating AV technologies on in-
stallations.

JBM-HH did not manage AV operations or conduct research activities.
They assumed no liability. Two staff members from the Plans, Analysis,
and Integration Office (PAIO) and Network Enterprise Center (NEC) were
tasked with managing the pilot on top of their current workload. Appendix
C lists the key activities of the PAIO and NEC personnel.

NEC staff conducted and coordinated daily requirements and oversights of
the AV mobility service, ensuring that it met all JBM-HH processes, proce-
dures, and protocols. NEC staff were the conduit for all garrison permissions.

JBM-HH Public Affairs Office (PAO) was the lead communication support.
PAO staff supported all advertisement of the Olli pilot. Additionally, PAO
staff disseminated AV user and education material within JBM-HH. This
included information to base departments on what to expect during the pi-
lot and how to support efforts. The PAO and DoD newspaper, Penta-
gram,” routinely published articles regarding the pilot and the route
schedule. Appendix D provides first page images from all articles.

JBM-HH staff reported deriving a significant educational value from the
pilot, including information on the specific nature of the technology, its
abilities and particularities, and how the garrison’s own typology impacts
pilot performance. As a pilot garrison, JBM-HH got a “front-seat view” of
how AV reacts to its physical space, from braking for tree leaves blowing in
the wind to anticipating the challenges of changing elevations and routine
Soldier activities. JBM-HH staff also reported that they had learned more
about the public’s willingness to accept AV presence and, in turn, about
how to use the AVs to educate the public and better solve installation
transportation demands.

* https://www.dcmilitary.com/ Pentagram/ eedition_archive/
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2.3.1.2 Engineer Research and Development Center Major activities and
authorities

ERDC functioned as the lead for R&D activity by acquiring relevant data
and processes that were generated by AVs during the mobility service
demonstration. ERDC formalized this role through an MOA with JBM-HH
and MCICOM (see Appendix E). ERDC provided eight staff members, each
with specific expertise to an LOE. LOE leads determined what data to col-
lect, ensured its collection, and evaluated the results. Data collection re-
quired an ERDC staff member to be on site at JBM-HH each week of oper-
ation, and also required a contract with the service provider, Local Motors,
to obtain specific operational data. Funding for ERDC researchers came
from FY 2019 NDAA Congressional Program Increase, Smart Transporta-
tion: Autonomous Vehicle Pilot project.

The objective of the Smart Transportation program is to explore the use of
connected AVs at military installations that are integrated with regional
communities to lower costs, improve Soldier and family quality of life, and
enhance mission readiness. Under this program, ERDC’s overall goal was
to inform Army and DoD policy regarding the capabilities/constraints of
AV technology and the potential for enterprise-wide adoption. To this end,
ERDC, in partnership with MCICOM and the Assistant Secretary of the
Army (ASA TE&E), served as a liaison with the larger DoD community in
promoting key findings and recommendations, and in transferring results
to other AV pilots within the DoD. Specific pilots include AV demonstra-
tions at Fort Carson, Colorado, Marine Corps Air Station (MCAS)
Miramar, California, and Joint Base Andrews, Maryland. The JBM-HH pi-
lot was highlighted in AV 4.0 (January 2020).

ERDC entered an educational partnership agreement with George Mason
University to share pilot data to support academic research. A clause was
added to the Fort Carson AV pilot for ERDC to share JBM-HH pilot results
(December 2019). Agreements were attempted with Virginia Department of
Transportation (VDOT) to support its regional efforts. However, both parties
failed to come to agreement while trying to identify the appropriate mecha-
nism as a result of the complexity involved with data-sharing agreements,
and the fact that Phases 2 and 3 did not have adequate funds identified.

ERDC staff reported that there were difficulties in distributing the data
collected from the Olli AVs to stakeholders. AVs capture high-definition
video, which can reveal critical infrastructure and PII (Personally
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Identifiable Information). Before sharing data, a classification level must
be established for each component of the data. Since there was no readily
available comparable guide to do this, a security classification guide pro-
cess (which takes months to complete) was initiated. ERDC, in partnership
with JBM-HH, classified the data as sensitive research and is pursuing a
formal security classification guide for the AV on installations program.

2.3.1.3 Local Motors major activities and authorities

Local Motors provided two Olli AVs and four dedicated staff members to
operate the vehicles—a fleet manager, two safety stewards, and a service
technician. Additional support staff were readily available (e.g., marketing
and vehicle operations staff). Local Motors managed all setup, operation,
and removal of the AVs. Local Motors assumed all liability and managed
the acquisition of all required national and local operating permits.

Local Motors delivered the Olli AVs to JBM-HH. On arrival, garage space
and charging equipment was finalized. Local Motors staff installed the
real-time kinematic (RTK) station on JBM-HH. Local Motors, in coordina-
tion with Robotics Research, performed route mapping. Local Motors staff
operated the Olli AVs as directed by either JBM-HH or ERDC staff during
the 9o-day pilot. This included limited evening and weekend operations.
No vehicle was run without a safety steward present. The service techni-
cian transferred all data off the vehicle to data storage weekly. The fleet
manager captured and reported all data contracted by ERDC. This data in-
cluded a site survey report for setup, infrastructure and route survey,
weekly mobility service reports, and shutdown and removal report.

Critical to Local Motor staff was easy access on and off the installation as
well as to the Olli garage. To support this need, the fleet manager was al-
lowed to have a DoD common access card (CAC) and a key to garage
and/or office space. The fleet manager office space was valuable in that if
offered a dedicated and convenient location where base personnel could
contact Olli operators and vice versa.

Local Motors staff reported logistical lessons from the pilot. For example,
the use of one charging station for two Olli AVs was challenging, especially
since they were parked head-to-tail. This required both Olli AVs to be
moved (e.g., switch places) each time one needed to be charged. Not hav-
ing a high-speed uploader on the installation for the Olli hard drive was
also cumbersome. Stewards would drive to the National Harbor



ERDC/CERL TR-20-9 19

Headquarters (45+ minute drive) several evenings to connect the external
hard drive to the uploaders, and then again to pick it up in the mornings.
Finally, many riders commented to the stewards that the route did not
take them to their preferred destinations. Local Motors learned that they
must do a thorough analysis to ensure that the route adequately supports
their community needs.

2.3.1.4 Northern Virginia Regional Commission major activities and
authorities

NVRC’s military liaison was a champion of the pilot. NVRC’s regional in-
terest is to reduce the quantity of single-occupancy cars commuting to and
from work each day, and to use AVs to improve quality of life by solving
the first and last mile challenges. NVRC’s military liaison supported the
Greater Washington Fleet Challenge proposal submission with JBM-HH
and MCICOM. On award, NVRC led the invitational rides, Phase 1A, and
continued invitational rides through Phase 1B. Invitational rides served as
public information sessions where community groups could experience
AVs in operation. The NVRC military liaison participated in all the invita-
tional ride events to answer questions and provide a regional perspective
of the pilot.

The NVRC military liaison sought subject matter experts to advise the pilot
effort, for example, by meeting with AASHTO, USDOT/NGHSJA and local
jurisdictions. The liaison also arranged for the pilot to be showcased on the
TV Show Emerald Planet on 25 August 2019 (Emerald Planet 2019).
Guests included:

e Lt Col Mark A. Paolicelli, USMC & Deputy Base Commander, Joint
Base Myer-Henderson Hall (JBM-HH)

e Peggy Tadej, Director, Military Affairs, NVRC

e David C. Woessner, Executive Vice President, Corporate Development
and Regulatory Affairs, Local Motors

e Major Kyle Holway, Strategic Engagement and Mission Sustainment
Branch, G-7 Modernization and Development Directorate, MCICOM

e Richard G. Kidd, IV, Deputy Assistant Secretary of the Army for Strate-
gic Integration, Office of the Assistant Secretary of the Army, Installa-
tions, Energy, and Environment, U.S. Department of Defense.

NVRC’s partnerships and knowledge of the region provided invaluable
support in this regard. NVRC additionally applied for awards and
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additional grants to potentially continue and further the pilot effort for the
planned Phases 2 and 3. Both NVRC and ERDC submitted several confer-
ence proposals to highlight results and convey the story.

NVRC staff reported that experiencing and interacting with AVs is valua-
ble to increasing community acceptance and support. However, a 9o-day
pilot was not long enough to address all of NVRCs concerns including the
first and last mile transit challenge, handicap accessibility, digital infra-
structure connectivity, and public safety/involvement.

2.3.2 Milestones and Workflow

The AV pilot was done on an expedited timeline to leverage the availability
of the Olli AVs and to use them to the maximum extent possible during the
summer months when the weather was most probable to permit AV opera-
tions and the large number of visitors were likely to be on JBM-HH. Any
AV deployment on an installation will have similar activities required.

Key milestones at JBM-HH included:

e 3 April 2019: Begin deployment planning and site survey

e April to mid-May 2019: Infrastructure setup and operational testing,
vehicle and route setup and operational testing

e 19 June 2019: Mobility service begin operation Phase 1 service, internal
JBM-HH route for 9o days
o 19 —31July 2019: Invitational mobility service along demonstration

route for 45 days
o 12 August —30 September 2019: Fixed route mobility service for
45 days

e 30 September 2019: Mobility service end operation Phase 1
Appendix F includes a detailed timeline of events and activities.

The Olli AV pilot milestones can be categorized into four phases: (1) acqui-
sition, (2) planning (or setup), (3) operation, and (4) closeout. Acquisition
and planning consume the greatest effort of time and labor. The following
sections describe the workflow of each phase, centering on the key plan-
ning questions.
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2.3.2.1 Acquisition

Identifying the necessary people, technology, property, and other materi-
als is an important first step to delivering an AV service. These resources
may be acquired from both internal and external sources.

Use-Case Selection: For what purpose(s) will the AV be used? This was a
given for JBM-HH as they were selected to receive two shuttle/mobility
vehicles from the Olli Fleet Challenge. But many sites will need to establish
whether AVs will move people, goods, and/or support tasks such as lawn
mowing or airfield cleanup along with what type of vehicles and how
many. This may include a Request for Information (RFI). It is important to
match the vehicle with the use-case. Consider the physical environment,
infrastructure, and exiting behaviors including speed of existing vehicles.
Following the pilot, JBM-HH noted that a single charging station was in-
adequate for their use-case design.

Stakeholders: Who is the core team willing to manage and see the project
through to completion? Stakeholders include the vehicle provider and op-
erator, automated system provider, deployment community, and research
community. A MOA between the key stakeholders was useful in the JBM-
HH pilot to define roles and ensure all roles were covered.

Funding: How will activities be funded? All activities will require some
level of funding. It is important to determine what those levels are and
who will pay the bill. Local Motors funded the Olli Fleet Challenge, provid-
ing JBM-HH with the opportunity to test two Olli AVs for their desired
use-case. Local Motors has hosted several pilot studies since launching the
initiative in late 2018 and the results have benefited both the users and the
manufacturers in developing and demonstrating many potential uses for
Olli. For this pilot study, Local Motors supplied two Olli 1.0 AVs and the
operation and maintenance workforce. JBM-HH provided the test site
(funding any necessary infrastructure requirements) and the use-case.
Army and ERDC funded all research activities from Congressional Pro-
gram Increase, Smart Transportation: Autonomous Vehicle Pilot. This in-
cluded a sole-source contract to Local Motors for specific data collection,
transmission, and process reporting.

Permits and Waivers: What permissions are needed to operate? Local Mo-
tors was responsible for securing all local and national permits. According
to Virginia law, any vehicle that is being tested or operated on roadways
that are closed to the public do not have to be titled, registered, or safety
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inspected before operations. JBM-HH was responsible for gaining permis-
sion to operate the AVs on base through the Army.

2.3.2.2 Setup

Setup requires breaking down the scope of the project into manageable
sections with clear milestones and a strong communication plan.

Infrastructure: What infrastructure and/or supplies are needed to success-
fully operate? For Olli 1.0, this included a temporary RTK antenna to ensure
GPS accuracy, a charging station with appropriate power fixtures, garage
space, and office space. Nonphysical infrastructure included route maps.
Route mapping required each Olli to traverse the route at a speed of 10 mph
multiple times. Phase 1A route mapping took 3 weeks to complete. It in-
cluded both Local Motors and Robotics Research staff to be on site. During
mapping, the AV travels at 10 mph. Signs reading “Slow Moving Vehicle,
Stay Back” were displayed on the vehicle. Phase 1B was mapped late in
Phase 1A, which delayed Phase 1B start operations. To save time and labor,
all possible routes should be mapped during the initial mapping phase.

Liability and Safety: What measures are needed to avoid property damage
and physical injury? JBM-HH Safety Office reviewed and approved the
route and stops. One stop was changed due to safety requirements to load
and unload onto sidewalks. JBM-HH Emergency Services reviewed the
Olli features and determined emergency procedures to halt operations and
extinguish vehicle fires. Local Motors required riders to either go online
and register to ride Olli, or to sign a paper liability waiver that provides
protection to the company and notifies the rider about the privacy, liabil-
ity, and legal information when they agree to ride on Olli. Children were
allowed to ride with a responsible adult.

Communication: How will stakeholders impart or exchange information
or news? The JBM-HH pilot held weekly synchronization meetings to in-
sure timely communication. This created a battle rhythm that is accredited
to the active and consistent stakeholder participation through the pilot.

Data: How and what data will be collected and shared? AVs have the po-
tential to collect a lot of data. Efficient data capture, storage, and analysis
is the challenge. Moreover, ERDC spent significant labor hours construct-
ing data-sharing agreements with a variety of entities. All aspects of data
require careful consideration early in the process.
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2.3.2.3 Operation

The Olli AVs provided mobility service during the operation phase. For
continued and successful deployment, changes and problems are continu-
ally identified and resolved.

Tools and Techniques: What processes or procedures are followed? Local
Motors has a formal, 4-day steward training program that encompasses
classroom, driving and autonomous operations. The 4-day safety steward
training provides the basic skills for the safety steward; however, it is ad-
vised that it takes about 1 to 2 weeks of continuous operations for safety
stewards to feel comfortable to operate independently. Local Motors used
a minimum of one safety steward on each Olli to conduct shuttle services
or demonstrations on a staggered scheduled. As Local Motors was re-
quired to collect data, safety stewards’ additional tasks consisted of con-
ducting briefings, scanning Quick Response (QR) codes or processing pa-
per waivers, requesting surveys, tracking Olli arrival/departure times at
each stop, tracking passengers getting on and off at each stop, cleaning
Olli, posting/picking up 14 Olli sandwich boards at loading locations and
then inputting collected data into the computer. The required number of
safety stewards allocated to one Olli depends on the organization’s safety
level threshold or availability of safety stewards. Safety is always the first
priority, so the safety steward should focus on the surrounding environ-
ment to react if required. However, in cases where there is only one safety
steward per Olli, the organization must consider what other duties might
be assigned to the safety steward, like examples stated above.

Performance and Monitoring: How do you ensure/measure that the effort
is progressing towards the goals and objectives? ERDC constructed a user
survey to inform public opinion regarding the AV pilot. ERDC additionally
funded 1-2 researchers to be on site weekly observing AV operations dur-
ing the entire 9o-day pilot. ERDC contracted Local Motors to take careful
notes regarding operation. Appendix G includes an example Weekly Re-
port. Appendix H shows the contents of Locals Motor’s Final Report.

The presence of parked cars and buses in the road would sometimes result
in Olli ceasing movement until the vehicles were moved or the onboard
safety steward engaged manual mode and takeovers, known as a “TKO.”
The frequency of these obstacles is the main cause of TKOs. Olli had a total
of 138 TKOs for this deployment; however, these were not all due to vehi-
cles blocking Olli’s path. Additional reasons for TKOs throughout the
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2.4

deployment were construction (in two different locations); excessive brak-
ing; evading of emergency response vehicles; response to other drivers not
abiding by right of way; software and hardware issues; physical damage to
the vehicle; and (a few times) inclement weather (rain). Since Olli’s speed
capped at 12mph on a 20-25mph road and there were more frequent stops
on the main road, Olli posed an inconvenience for normal traffic. Riders
would either follow Olli too close or use the adjacent parking lots to speed
through to get in front of Olli. These tactics did not affect Olli’s operations
but did provide incidents of possible safety concerns. The overall low rid-
ership highlighted the fact that routes did not have the benefit of a formal-
ized traffic analysis. The route did not meet the needs of the users.

2.3.2.4 Closeout

Closeout is the process of finalizing all activities for the project. For the
JBM-HH pilot, this included returning the Olli AVs to Local Motors, and
the ERDC task of archiving all information pertaining to the pilot.

Final Product Key Planning Question: What are the outputs and their associ-
ated transitions? Physical infrastructure associated with the AV may stay or
be removed. If the infrastructure stays in place, maintenance requirements
may need to be addressed. Overall lessons learned from the pilot were cap-
tured and shared publicly. ERDC and NVRC continue to share results
through professional conferences and presentations. ERDC uses the data to
inform other pilots and combine multiple pilot data to inform DoD policy.
Local Motors and Robotic Research use results to better grow their product.

Recommendations

An after-action review meeting was held 16 October for 3 hours in person
at JBM-HH. The meeting format was an informal collaborative discussion
regarding successes and failures of the overall pilot. Each stakeholder
group was allotted the opportunity to express their experiences and les-
sons learned. ERDC facilitated the meeting.

e Historically, the Federal government has approved commercial vehicle
types to operate on public roads at the level of the original equipment
manufacturer, while state governments have approved individual driv-
ers as operators and licensed specific vehicles. AVs combine these into
a single entity so that the issues of design, crashworthiness, licensing,
and insuring have currently become ill-defined and unstandardized.
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Working on other pilots with strategic partners like AASHTO, USDOT,
states, and regional partners near installations will inform this ongoing
process so military installations can integrate with the latest infor-
mation, regulations, and priorities.

Plan for and submit a NHTSA application as early as possible as the ap-
proval takes time; arrange with State agencies for vehicle registration
and safety inspection.

A long-term transportation plan and study is needed to “right size” the
AV fleet and supporting infrastructure to meet both system goals and
user objectives. This process was compressed into a very short time pe-
riod and done in reverse based on available fleet and time period for
the JBM-HH pilot study.

Review current installation planning documents and policies demon-
strates gaps in addressing AVs. Develop framework and guidance for fu-
ture planning practices related to vehicle and fleet management, work
force development, data sharing, security, legal issues, infrastructure
and rights of way, and installation development considerations.

Engage with first responders and public safety officials. To ensure public
safety, first responders and public safety officials (including police, fire,
emergency medical services, and towing) need to have ways to interact
with the AV during emergencies. Responders and safety officials will also
require training to safely interact with AVs—including how to disable the
vehicle, how to react if it is on fire, etc.

Relationships and roles within the stakeholder group need to be clearly
defined up front for local, state, Federal, academic, and private stake-
holders. Participants ask things of others that they think are simple,
but in practice may be challenging, or conversely, some hesitate to ask
for fear of generating an overburdening request.

Appropriate messaging, public engagement, and education activities to
promote awareness, understanding, and acceptance of AVs, combined
with an engaged champion for the effort contribute greatly to the suc-
cess. Ongoing communication with AV users, potential users, and the
general public to convey up-to-date information is also key to educa-
tion and engagement activities.

Workforce development impacted the project as key positions of fleet
manager and safety stewards were hired during the 9o-day pilot. Planning
for workforce hiring, training, and integration with an ongoing AV service
will help maintain good communication and timely delivery of services.
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3.1

Infrastructure and Operations

Research focus and methods

The infrastructure and operations LOE focused primarily on the infrastruc-
ture in and around the AV that enabled it to operate, and on the details of the
AV setup and operation. This work examined the interaction of the AV with
the environment and the influences of the environment on the AV through
both quantitative field experiments to determine if the AV successfully navi-
gated the designated route on time, and qualitative field research supported
with a record of observations. This LOE used evidence from maps, field ob-
servations, data collection, interviews, and fleet management report docu-
mentation. Units of analysis included the roadway infrastructure conditions
and characteristics, speed and maneuver of the AVs, hours of operation, time
schedule, number of passengers, and miles driven. The infrastructure ele-
ments of this project were most readily observed by visiting the pilot location
to witness the infrastructure first hand and to see how the AV acted within
the environment and with various infrastructure elements. The goal of this
exploratory research was to characterize the infrastructure and operations
impacts of an AV transportation service on JBM-HH.

This work attempted to answer questions such as:

e What roadway grades, conditions, or limitations prevent AV usage?

e How much space is required on the roadway, turnarounds, loading/un-
loading?

e What are traffic impacts to operation, loading/unloading?

e How does AV interact with signs and signals and what minimum
standard is required to communicate?

e How does the AV impact Critical Infrastructure for the installation?

e What ridership levels are supported by AV (time of day, day of week,
ete.)?

e What are boarding and off-boarding procedures (automated counting,
security, safety)?

e How does the AV obey traffic laws (red light adherence, crosswalk
management)?

e What are the vehicle parameters for object detection, classification, re-
sponse (stopping distance, object classification accuracy, response suit-
able/acceptable)?

e How does the AV impact Continuity of Operations for the installation?
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3.2 Infrastructure data and findings

The infrastructure needs of an AV are similar to that of a normal passenger
vehicle. AVs need a road and must obey various traffic control devices. AVs
can have difficulty navigating during periods of inclement weather due to
limitations of the vehicle’s sensors. As discussed previously, navigation of
the AV can either depend on following a specific GPS defined route, or by
using the various sensors to provide the AV with “eyes.” Additionally,
smart cities, or smart infrastructure along the roadway can allow the vehi-
cle to obtain traffic condition and traffic control data wirelessly, to aid nav-
igation. In this pilot, the AV followed a pre-programmed route based on a
geo-fenced path, had no external communication while it was driving, and
was slightly impaired by weather extremes.

3.2.1 Geography

Joint Base Myer-Henderson Hall is located in Arlington County, Virginia.
It borders Arlington National Cemetery to the East. It is west of the Penta-
gon and south of the National Mall. Figures 5 and 6 show maps of the in-

stallation topography.

gl

Figure 5. JBM-HH topography along AV route.

Radnor £
Heidiflll =




ERDC/CERL TR-20-9

Figure 6. Topography of the JBM-HH and National Cemetery Area.
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3.2.2 Roadways

All roads used by the AV were two-lane traffic with intermittent lane
markings. Roads were 100% paved asphalt; however, some areas needed
maintenance. The maximum observed roadway gradient was 77 degrees. All
roads were considered private and under the jurisdiction of the base com-
mander. Figure 7 shows a typical section of the main road at JBM-HH.
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Figure 7. Typical roadway at JBM-HH including cracked pavement, worn lane markings, curb,
and pedestrian walkways.

Street lighting was present along the AV shuttle route, but considering the
AV only operated during the day, this infrastructure element was not criti-
cal to its operation.

The shuttle route contained various types of roadway signage, e.g., stop
signs, speed limit signs, crosswalk signs, parking signs and other base in-
formational signs. The highest speed limit was 25mph. Figure 8 shows sev-
eral road signs along a section of the main road.
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Figure 8. Signs, lampposts, and multi-use path along the AV route.
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3.2.3 Traffic control signals

There were no traffic signals along the AV shuttle route. All intersections
were stop sign controlled. The route required navigating 18 intersections
containing stop signs. Access gates were located in close proximity to the in-
stallation hat included “tire spike” type vehicle barriers. These barriers, lo-
cated in the inbound lane, prevented travel in the opposite direction. The
height of these spikes exceeded 4 in., which was the minimum clearance un-
der Olli. Thus, the spikes dragged along the underside of Olli as it proceeded
over the barrier. This did not present a problem on most occurrences; only
twice did it damage the Olli. One of these occasions resulted in damage to
Olli rendering it inoperable for over a week. Figure 9 shows the vehicle bar-
rier after the AV has successfully crossed over the spikes. Figure 10 shows
the damage to Olli after unsuccessfully crossing the spikes.
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Figure 9. Olli after crossing vehicle barrier spikes.

-y




ERDC/CERL TR-20-9 32

3.2.4 Pedestrians

The AV shuttle route intersected several pedestrian crosswalks. The cross-
walks typically had white painted lines at the location of the crosswalk.
Several locations also had yellow, vertical, crosswalk signs at either side
and in the middle of the street, at the location of the crosswalk. None of
these infrastructure elements were problematic for the AV. Figure 11
shows the approach to a typical pedestrian crossing.

Figure 11. Crosswalk intersecting AV Shuttle route.
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3.2.5 Connedctivity

To ensure GPS accuracy of the AV during operation, an RTK antenna was
temporarily installed. The RTK base station’s sole purpose is to receive a
strong GPS signal to provide RTK corrections to the vehicle. The chosen
location was Brucker Hall (the Band Building), which is a central rooftop
on the installation. Figure 12 shows the RTK transmitter on top of the
building. Requirements for the location included: a clear view of the sky,
especially at 15 degrees above the horizon, and good cell coverage to trans-
mit RTK corrections.



ERDC/CERL TR-20-9 33

Figure 12. RTK transmitter on rooftop.

3.2.6 Vehicle charging and storage

Only one compatible and high-speed charging station was available for the
two AVs on JBM-HH. The installation purchased this station before the
project and located in the AV storage garage. The garage was located in
close proximity to the shuttle route and was large enough to park both
AVs. However, the AVs did have to exit the garage to fully engage GPS dur-
ing the booting procedure. Outdoor parking was available for this step at
the garage location. Figure 13 shows Olli plugged into the charging cable.

Figure 13. Olli charging cable.
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3.3

Operations data and findings
3.3.1 Deployment and setup

Deployment of the Olli at JBM-HH included arrival of Olli #10 and #13,
charging station installation, and setup of the RTK base station. These
tasks were completed in approximately 3 weeks.

3.3.2 0lli® 1.0 specifications

Both Olli 10 and 13 at JBM-HH were version 1.0. An Olli 1.0 is equipped
with multiple sensors, which included six LiDAR, five radar, six cameras,
and two GPS units. Olli has a maximum speed of 25mph, but for this pilot,
Olli traveled at no more than 12mph. Approximately 20% of the Olli body
was 3D printed from Electrofil carbon fiber reinforced plastic (Figure 14).
Other parts of the structure were made from steel tubing and aluminum.
The total weight of the vehicle was 5850 pounds. Maximum ground clear-
ance was 4.5 in. when unloaded (Figure 15). Figure 16 shows the Olli vehi-
cle specifications.

Figure 14. 3D printed fender.
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Figure 15. Olli ground clearance was approximately 4 in.
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Figure 16. Olli 1.0 specifications.

DRIVETRAIN

Transmission ..., 9.59:1 Gear Ratio
SENSORS

LIDAR. ...t 3x 3D Velodyne, 3x 2D Hokuyo
Radar.............ooiiiiinn. 4x SRR2, 1x Fwd ESR
Internal MeasurementUnit ........................ Yes
OpticalCamera ..o, 6x HD CCTV
Bumper Switch. ........ ... i Front, Rear
GPS .. 2 GPS Antennas

COMMUNICATION / DATA

GSM/LTE Modem
On-Board Data Recorder

HVAC CONTROLLER
Heating/Air Conditioning Standard

RANGE

Average Range .................. 56km/35mi (Nominal)
32km/20mi (Max Load, Max AC)

CAPACITY

Max Passengers ...........c.oouiiiiniianaa.. Up to 8*

*Capacity varies based on regulatory restrictions and seating layout.

MOTOR

Max Torque . .......oieii i 240Nm

Continuous Torque .. ... vt 125Nm

MaxPower ...... ..o 100kwW

Continuous POWer . ..........o.iiiiiiinnannnnnn. 30kwW

MaxSpeed...........oooiiiiiiiin 40km/h (25mph)

TYPE. o Brushless Synchronous AC

POWER SYSTEM

Max Capacity (kWh) ............. 18.5 Max (16.2 Usable)

ChargerType .. ...ovviiiiiinnnnn. Up to 22kW A/C

Charge Time (440V 32A A/C, 3-Phase). . Approx. 1 Hour**

**Charge time indicative of 3 phase mains power.
Single phase mains power will be approximately 4 hours.

DIMENSIONS
Length. ... ..., 3920mm (12.86ft)
Width. ... 2050mm (6.73ft)
Height .. ... ..o 2500mm (8.20ft)
Wheelbase .......... ..ol 2526mm (8.29ft)
Passenger Room Height. .............. 1950mm (6.40ft)
Turning Circle. . ............... Curb to Curb: 6m (19.7ft)
WEIGHT
GVWR ....... ...

2654 kg (5850 Ibs)
612 kg (1350Ibs)

CHASSIS / SUSPENSION / BRAKES

Chassis..................
Front Suspension .........
Rear Suspension ..........
FrontBrakes..............
RearBrakes ..............
FrontTire ............. ...
RearTire.................
Emergency Brake .........

................. Aluminum
............... Macpherson
............... Macpherson
...................... Disc

215/50/R17
215/50/R17
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For navigation, Olli employed three LiDAR sensors, four radar sensors, six
optical cameras, and two GPS antennas. The data from these navigation
sensors were independent of the vehicle telemetry data such as speed,
braking, and battery charge. The separation of data feeds is a function of
the fact that the Olli design was the result of a collaboration between two
different companies, Local Motors, Inc. (a custom innovative vehicle com-
pany) and Robotic Research, LLC (a robotics and automated technology
company); the Olli vehicle combines expertise from both partners. Figures
17 and 18 show the exterior locations of these sensors. Table 2 lists the
names and data formats for each sensor.

Figure 17. Bumper mounted Radar (top), camera (middle), LiDAR (bottom).
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Table 2. Olli sensors, locations, formats, and datasets.

ltem Description

Cameras Locations: exterior front_top, front_bottom, left, right, back_bottom, inside
cabin

H264 video in PCAP (packet capture) format - a tcpdump on camera eth
interface

Can be converted to mp4 using Linux-based pcap_to_mp4 utility

Hokuyos Locations: exterior rback_right, back_center, back_left

LIDAR PCAP format - just a tcpdump on hokuyo eth interface

Velodynes |Locations: exterior front_lower, front_upper, rear_upper

LIDAR PCAP format - a tcpdump on vip16 eth interface

SRR2 Radar |Locations: front, rear

PCAP format - raw CAN messages stored in PCAP file

Delphi PCAP format - raw CAN messages stored in PCAP file

Radar

Deployment |CSV file univBuffalo.general - first line of the file gives the description of what is
general in each column

requested

Columns are: gmtSeconds, vcuState, batteryPercentage, commandedTorque,

data actualTorque, commandedBrakePressure, actualBrakePressure

Deployment |CSV file format- univBuffalo_trajectory - each data entry is three lines

trajectory e 1stline in set = gmtSeconds

requested e 2nd line in set = northing points of trajectory - if this and the 3rd line

data are empty there is no trajectory

e 3rd line in set = easting points of trajectory - if this and the 2nd line
are empty there is no trajectory

e trajectories end at stops

Appendix I contains raw data format for Robotics Research datasets, and Ap-
pendix J contains example data returned from the Local Motors API endpoint.

3.3.3 Mapping

Before passenger operations, Olli conducted mapping of the planned
route(s) by collecting data from the sensors while navigating the route. The
mapping was completed over a period of 3 weeks. This phase was referred
to as “pre-planning and deployment operations,” which included site sur-
veys and data collection of infrastructure and route. Figure 19 shows a map

of JBM-HH overlaid with the GPS location from Olli 13 during the mapping.

This figure shows where the Olli traveled during the mapping phase, which
encompassed more than the final route. Figure 20 shows the “map” gener-
ated by the Olli LiDAR. This figure gives a good visual representation of the
extent of the LiDAR range and subsequent field of view.
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Figure 19. Olli 13 GPS data overlaid on street map.

'bestLatitude and bestLongitude
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Figure 20. Overview of the mapped route showing the extent of the LiDAR field of view.
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3.3.4 Routes

The Phase 1a route, commonly known as the “short route” measured

0.9 miles with four right turns, three stop signs, and three programmed
stops. The route is highlighted in magenta in Figure 21. Olli traveled this
route for a total of 83.7 operational miles with an average success rate of
97 % (the percentage of passenger stops completed versus planned). Even
though Olli shared the road with the public, its performance blended in
with regular traffic; other vehicles did not present any issues or interfere
with the AV. The success of this phase provided the opportunity to transi-
tion to Phase 1b of the deployment.

Phase 1b, also known as the long route, measured approximately 4.4 miles,
and is currently the longest and most intricate route operated by Olli to
date. This route is highlighted in blue in Figure 21. The route that was
planned and later mapped included two vehicle barriers, 7% grade road, 18
stop signs, 10 crosswalks, various intersection layouts, and 14 pro-
grammed stops. Some of the programmed stops were located in the middle
of crosswalks, which proved problematic for some pedestrians. Olli trav-
eled a total of 872.6 operational miles with a 95% success rate (percentage
of passenger stops completed versus planned during this phase).

Base traffic was intermittently impacted by Olli, resulting in queues form-
ing behind Olli. Contributing factors included the AV’s maximum speed of
12 mph, numerous shuttle stop locations, and two-lane roads with curb
and gutter on each side, which limited pull-out locations for the AV. Dur-
ing the fixed route operation, this restricted the ability of other vehicles to
pass the AV during passenger loading/unloading. Furthermore, proce-
dures required Olli to wait at the fixed shuttle stop locations until the des-
ignated departure time if it was ahead of schedule.

3.3.5 Safety onboard OIli®

As discussed in chapter 2, the installation fire and emergency services re-
ceived information on the AV and its unique characteristics to allow them
to plan for any safety-related incidents of fire, crash, or injury. Olli is a
completely electric vehicle and carried no petroleum-based liquids on
board. The safety steward was available for passenger questions and dur-
ing invitational events gave a safety and overview brief to the groups be-
fore they boarded the vehicle.
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During all Olli engagements, a safety steward stood at the controls, either
operating the Olli in manual mode, or observing while Olli operated in au-
tonomous mode. Safety was paramount in the operations; therefore, safety
stewards would err on the side of caution to take over in any potentially
unsafe situation. At each Olli stop, the safety steward engaged the hand-
brake before opening the door to board passengers. After closing the door
and releasing the handbrake, the steward gave Olli a manual computer in-
put for the Olli to continue to the next stop.

The Olli 1.0 was capable of carrying eight passengers, including the steward.
During this pilot, all passengers were required to sit in the designated area
and to use seatbelts when the Olli was underway. The rear of the vehicle dis-
played a sign warning other vehicles that the Olli was an AV (Figure 22). Be-
fore riding the Olli, passengers were required to sign a waiver (either digital
or hardcopy). The digital version could be accessed from a rider’s
smartphone (found at www.rideolli.com) and the hardcopy was available
onboard the Olli. If completed digitally, the steward would scan the rider’s
barcode on boarding (Figure 23). The website has one link that will take the
user to a survey to be completed after one’s ride. The app does not contain
the functionality to determine the location of Olli, or what time it is ex-
pected to arrive at any particular stop. Nor does it have the ability to tell Olli
where to pick up a passenger for point-to-point service. These useful tools
were not available in this pilot but are planned in future versions of Olli.

The Olli made complete stops at all planned stop locations. The doors were
not opened unless passengers were waiting to board, or passengers needed
to exit. The steward recorded the exact time of arrival and departure of all
stops along the route. When the Olli became ahead of schedule, the steward
sometimes chose to wait at the stop until the scheduled time of departure.

Since Olli’s speed capped at 12mph on a 20-25mph road and there were
more frequent stops on the main road, Olli posed an inconvenience for nor-
mal traffic. Riders would either follow Olli too close or, occasionally, would
speed through an adjacent parking lot to get ahead of Olli. These tactics did
not affect Olli’s operations but did provide possible safety concerns.


http://www.rideolli.com/
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Figure 22. Warning signage at the rear of the Olli.
| s i g | -

FREQUENT 'FR-E’C_LUENT_
STOPS  STOPS

STAY BACK  STAY BACK
100 100
FEET - FEET .

Figure 23. After signing the wavier, the rider obtained a QR code necessary for boarding,.

olli

w local motors

Welcomel!

Please show the Olli Steward this QR code before boarding.
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3.3.6 Takeovers

The presence of parked cars and buses in the road would sometimes result
in Olli ceasing movement until the vehicle moved out of the way or the
onboard safety steward engaged Olli’s manual mode in a TKO. The fre-
quency of these obstacles was the main cause of TKOs. Olli had a total of
138 TKOs for this deployment; however, these were not all due to vehicles
blocking Olli’s path. Other reasons for TKOs throughout the deployment
were construction (in two different locations); excessive braking (by Olli
during autonomous mode); evading of emergency response vehicles; in re-
sponse to other drivers who were not abiding by right of way conventions;
software and hardware issues; physical damage to the vehicle; and a few
times, due to inclement weather (rain). The dates and reasons for each
TKO are documented in the weekly fleet operations reports from Local
Motors (see an example in Appendix G).

3.3.7 Advertising

The Pentagram, a print newspaper, included periodic news of the Olli de-
ployment at JBM-HH (Appendix D). At times, the Olli route map and stop
schedule was also printed in the newspaper. Other electronic means were
used to advertise the Olli’s operation, including the electronic newsletter.
During Phase 1b of the deployment, “Olli Stop” signs were placed at each
of the planned stop locations (see Figure 24). The small plastic billboard
displayed information to indicate that was the location to board the Olli. A
collection of route maps and schedules were attached to the billboard.

During the third to the last week in Phase 1b, the bowling alley began dis-
playing Olli route and schedule information on their café tables. The infor-
mation included both instructions for registering online and the Olli daily
schedule. Figures 25 and 26 show the digital marketing materials and
schedule. The human factors LOE discusses the impact of these promo-
tional efforts.
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Figure 24. Example of Olli Stop sandwich boards located adjacent to each stop at JBM-HH.

Please Register Online
Before
You Ride And Have Your
QR Code Ready to Scan

EEE
[=
Please Go Back To
RideOlli.com
And
Complete A Survey

After Your Ride
Thank You

JBMHH Olli Bus Schedule

3-6 September (Bus 1 & Bus 2)

9-13 September (Bus A, Bus 1 & Bus 2)
16-20 September (Bus 1 & Bus 2, Bus Z)
23-27 September (Bus 1 & Bus 2, Bus Z)

JOINT BASE MYERS HENDERSON HALL OLLI SHUTTLE BUS SCHEDULE
DATES AND TIMES WEEKLY SCHEDULE VARIES ALWAYS CHECK OLLI CALENDAR

BUS A (Morning)

STOPS LOCATION ARRIVAL

BUS 2 (Lunch)

BUS Z (Evening)

Stop #1__ | Wright Gate. T:30AM | Stop #1
Stop#2__| Motor Pocl T:32AM
Stop #3 | Patton Hall T35 AM
Stop#4 | Conmy Hall T:37AM

Website

For Updates Please Check JBMHH

https://home.army.mil/jbmhh/

Times Subject to Change
If Olli doesn’t arrive within

10mins assume Olli isn’t running.

Olli does not run in heavy rain.
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Figure 26. Olli Bus Schedule for September.

JOINT BASE MYERS HENDERSON HALL OLLI SHUTTLE BUS SCHEDULE
DATES AND TIMES WEEKLY SCHEDULE VARIES ALWAYS CHECK OLLI CALENDAR

BUS A (Morning) BUS 1 (Lunch) BUS 2 (Lunch) BUS Z (Evening)
STOPS LOCATION ARRIVAL

Stop #1 Wright Gate 7:30 AM Stop #1 Wright Gate 11:00 AM _|Stop #1 Wright Gate 11:20 AM _ [Stop #1 \Wright Gate 2:30 PM
Stop #2 Motor Pool 7:32 AM Stop #2 Motor Pool 11:02 AM _|Stop #2 Motor Pool 11:22 AM__ [Stop #2 Motor Pool 2:32 PM
Stop #3 Patton Hall 7:35 AM Stop #3 Patton Hall 11:05 AM _|Stop #3 Patton Hall 11:25 AM _ [Stop #3 Patton Hall 2:35 PM
Stop#4 |Conmy Hall 7:37AM _ [Stop#4  |Conmy Hall 11:07AM _[stop#a |Conmy Hall 11:27AM |Stop#4  |Conmy Hall 2:37 PM
[Stop #5 Library 7:39 Al Stop #5 Library 11:09 AM __ |Stop #5 Library 29 Al top #5 Library :39 Pl

|Stop #6 Shoppette 743 Al top #6 Shoppette 11:13 AM__ |Stop #6 Shoppette 33 Al top #6 Shoppette :43 Pl

|Stop #7 Post Exchange 7:45 Al top #7 Post Exchange 11:15 AM__ |Stop #7 Post Exchange 35 Al top #7 Post Exchange :45 Pl

|Stop #8 Commissary 7:50 Al top #8 Commissary. 11:20 AM__ |Stop #8 Commissary. :40 Al top #8 Commissary :50 P

|Stop #9 South Gate 7:53 Al top #9 South Gate 11:23 AM__ |Stop #9 South Gate 43 Al top #9 South Gate :53 P

|Stop #10 | Commissary 7:59 AM top #10 | Commissary 11:29 AM__|Stop #10 Commissary. :49 AM top #10 Commissary 2:59 PM
|Stop #11 Memorial Chapel 8:03 AM Stop #11 Memorial Chapel 11:33 AM__ |Stop #11 Memorial Chapel 11:53 AM__ [Stop #11 Memorial Chapel 3:03 PM
|Stop#12 | Spates 8:06 AM Stop #12 _ |Spates 11:36 AM __|Stop #12 Spates 11:56 AM__ [Stop #12 Spates 3:06 PM
|Stop #13 | Dining Hall 8:07 AM Stop #13 | Dining Hall 11:37 AM__ |Stop #13 Dining Hall 11:57 AM__ [Stop #13 Dining Hall 3:07 PM
Stop #14 __|Old Post Chapel 8:09 AM Stop #14 _|0Id Post Chapel 11:39 AM__|Stop #14 0ld Post Chapel 11:59 AM__ [Stop #14 0ld Post Chapel 3:09 PM
|Stop #1 Wright Gate 8:14 AM Stop #1 Wright Gate 11:44 AM  |Stop #1 Wright Gate 12:04 PM__|Stop #1 \Wright Gate 3:14 PM
Stop #2 Motor Pool 8:16 AM Stop #2 Motor Pool 11:46 AM__ |Stop #2 Motor Pool 12:06 PM __ |Stop #2 Motor Pool 3:16 PM
Stop #3 Patton Hall 8:19 AM Stop #3 Patton Hall 11:49 AM _ |Stop #3 Patton Hall 12:09 PM__ |Stop #3 Patton Hall 3:19 PM
Stop #4 Conmy Hall 8:21 AM Stop #4 Conmy Hall 11:51 AM _|Stop #4 Conmy Hall 12:11 PM__ |Stop #4 Conmy Hall 3:21 PM
Stop #5 Library 8:23 AM Stop #5 Library 11:53 AM _|Stop #5 Library 12:13PM__ |Stop #5 Library 3:23 PM
Stop #6 __|Shoppette 8:27 AM__|Stop #6 11:57 AM_|Stop #6 1217 PM__[Stop #6 3:27 PM
Stop #7 Post 8:29 AM Stop #7 Post Exchange 11:59 AM__ |Stop #7 Post Exchange 12:19 PM__ |Stop #7 Post Exchange 3:29 PM
Stop #8 Commissary 8:34 AM Stop #8 Commissary 12:04 PM__ [Stop#8 Commissary 12:24 PM__ |Stop #8 Commissary 3:34 PM
Stop #9 South Gate 8:37 AM Stop #9 South Gate 12:07 PM__[Stop #9 South Gate 12:27 PM__ |Stop #9 South Gate 3:37 PM
Stop #10 _ |Commissary 8:43 AM Stop #10 _ |Commissary 12:13 PM__ [Stop #10 Commissary 12:33 PM__ |Stop #10 Commissary 3:43 PM
Stop #11 Memorial Chapel 8:47 AM Stop #11 Memorial Chapel 12:17 PM__ [Stop #11 Memorial Chapel 12:37 PM__ |Stop #11 Memorial Chapel 3:47 PM
Stop #12__ |Spates 8:50 AM Stop #12 _|Spates 12:20 PM__[Stop #12 Spates 12:40 PM__ [Stop #12 Spates 3:50 PM
Stop #13 Dining Hall 8:51 AM Stop #13 | Dining Hall 12:21 PM__ [Stop #13 Dining Hall 12:41 PM Stop #13 Dining Hall 3:51 PM
|Stop#14 _ |OId Post Chapel 8:53 AM Stop #14  |0Old Post Chapel 12:23 PM F}p #14 Old Post Chapel 12:43PM__[Stop #14 Old Post Chapel 3:53 PM
END Wright Gate 8:58 AM END Wright Gate 12:28 PM__[END Wright Gate 12:48 PM__|END \Wright Gate 3:58 PM

3.3.8 Weather

Operation of the AV was constrained by weather and climate. During this
pilot, rain caused operations to stop due to safety concerns over sensor reli-
ability and wheel slippage. However, the manufacturer stated that the AV
can operate in the rain. In fact, it is not the rain itself that affects the sen-
sors, but the large puddles that collect after a hard or long rain. These pud-
dles affect the sensor’s ability to “see” the road due to reflecting light that
impacts LiDAR. Also, high daytime temperatures and continuous running
of air-conditioning during this pilot study resulted in increased battery use.

3.3.9 Data collection

The vehicle’s sensor data were stored in a hard drive connected to the Olli
during operation. Each night, this hard drive was removed from the Olli,
and data were uploaded automatically for storage and retrieval. Local Mo-
tors provided access through an application programming interface (API)
to the data approximately 69 days into the pilot. However, because the
data were only held on the API for a limited time, some initial data were
lost before gaining access.

In addition, some problems were experienced with the hard drive during
the course of the pilot. The hard drive was located above, on the Olli ceil-
ing (Figure 27). However, sometimes the Velcro failed, resulting in faulty
hard drive operation.
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Figure 27. The Velcro patch that secured the hard drive to the ceiling.
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In addition to the sensor data, safety stewards manually recorded the
miles traveled, number of passengers, number of takeovers, and operation
time for each mission. Figure 28 shows the aggregated data for these met-
rics. Of note are the ~1000 total miles, ~400 riders, 138 takeovers, and
~8,900 service minutes accumulated during this pilot.

Figure 28. Aggregated safety steward data recorded for all Olli Missions.

3 EnclC Tab 0 Final Overall JBMHH Qlli Da
Operational
Downtime
(Minutes)

Route Phase 1a Route Phase 1b ® o Manual Takeovers Operational Time
Month Week Guest Total Mil Rider Count
o o i (Short) Mileage (Long) < =k oerenn (TKOs) (Minutes)

- DFMWR
- FFX County

aly Week 1 (812)  -DPW/HQEEO 45 0 45 46
-EPA
- STUDENTS

- CDR MG Banta
- KAUST
y  Week2(ts9) pRC 16 0 36 3
- CMC Town Hall
- DPWIDESINEC

-NVTC
Lty Week3(2226)  “penienn
- AARP
July Week 4 (28-31) - IN-Q-Tel 18 176 194 64
- Twighlight Tatoo

- LM Shuttle Service
lAugust Week 5 (5-9) - COC Shuttle 36 528 564 22 1 380 0
-ME

- LM Shuttle Service
pugust Weeks (12-16) /00T a1 825 8526 21 6 780 20

- MG McGuire

IAugust Week 7 (19-23) - NVRC Guest 0 "7 1171 20 13 886 480

- LM Shuttle Service
lAugust Week 8 (26-30) - Child Development 1 1187 1214 29 36 1,680 660
Services

- LM Shuttle Service
September Week 9 (3-6) - Booze Allen 5 768 818 26 17 970 240
~ Loudoun County

- LM Shuttle Service
'September Week 10 (8-13) - Dominion Power 36 128 1316 35 18 1,311 96
-GMU

- LM Shuttle Service

September Week 11 (16-20) - Alexandria County

0 108.4 108.4 30 2 1,165 210

Septermber Week 12 (2327) ~ i Shulle Senvice 54 143 1983 a7 1 1730 0

TOTAL| 83.7 8728 956.3 401 138 8911 1,718
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3.4

3.3.10 Permitting

Olli does not have permitting in the state of Virginia, but due to the nature
of operations on an Army Installation, use of AVs is controlled by the base
commander. Olli does have permitting by the Maryland Department of
Transportation to operate on Maryland public roads. More details on Fed-
eral, state, and local regulations and requirements were included in the
planning and programming LOE.

Results and recommendations

The following recommendations and key results are based on the infra-
structure and operations LOE. It is important to recognize that these are
based on a single case study deployment of a single AV type on one mili-
tary installation during the predominantly warmer summer months in
eastern Virginia, USA. However, many of the findings were generalizable
into these key considerations.

e Existing road and roadside infrastructure was adequate for AV deploy-
ment; no major investments were required to improve or change cur-
rent system at JBM-HH before the pilot. All roads were two-lane traffic
and all intersections were stop sign controlled. An RDK (reference de-
sign kit) antenna was provided by the contractor and temporarily in-
stalled on top of a building during the deployment to ensure GPS accu-
racy of the AV during operation. Minimum roadway modification is
preferred. Identify the needed new signage, marking changes, and sig-
nal technology upgrades (e.g., Connected technology, Transit Signal
Priority) early on to allow time for design and installation.

e Mapping and establishment of the base route took 3 weeks of AV onsite
preparation. Additional routes were not added later in the project due
to the cost and resources required to bring back the mapping team.
(The installation originally planned to accomplish this task in only w
days.) Consider if mapping can be done in advance (including optional
routes) or develop standards and specifications for installation to de-
liver this to AV providers. Also, select the route(s) for fulfilling clear
purposes such as demo/research, first and last mile, serving
origin/destination needs.

e Traffic operations were sometimes impacted by the AV maximum
speed of 12 mph, which caused queues to form behind the AV. Numer-
ous shuttle stop locations and two-lane roads with curb and gutter on
each side restricted pull-out locations for the AV during fixed route
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operation, which in turn limited the ability of other vehicles to pass the
AV during loading/unloading of passengers. Planned shuttle stops
would preferably allow the AV to pull over and stop for loading/un-
loading without impacting normal traffic operations.

e Sufficient quantity, type, and location of electric-powered vehicle
charging stations is critical for infrastructure and fleet management
planning. One compatible and high-speed charger was available for the
two Olli AVs on JBM-HH. The installation purchased this charger be-
fore the project and located it in the AV storage garage.

e Operation of the AV was constrained by inclement weather and dark-
ness. Rain caused operations to halt due to safety concerns over sensor
reliability and wheel slippage. Heating and air-conditioning caused in-
creased battery usage. Operation was restricted to daylight hours dur-
ing the summer, but it is anticipated that operation in cold weather or
darkness would increase battery usage for heating and lighting.

e Determine restrictions that impact AV operation ahead of time (e.g.,
rider’s age, Americans with Disabilities Act [ADA] requirement, weather
and condition constrains). By law, state and local public transportation
agencies require the accommodation of all passengers with disabilities.

e KEstablish standard operating procedure for safety steward and incident
responders in the event of an emergency or weather event. For exam-
ple, if inclement weather does occur in the middle of a route, the safety
steward needs to know what to do with current passengers. Asking
them to exit the vehicle there or at the next stop could leave them
stranded far from other transportation options. However, continuing to
operate with the passengers on board could lead to other safety con-
cerns. The pilot at JBM-HH operated in relatively calm months of late
summer, but other deployments may face significantly worse weather
during operation.

e Ensure that emergency incidents that impact AV shuttle operation are
accounted for (e.g., emergency vehicle approaching that requires AV to
yield).

e Operation of AV may be constrained by environmental conditions. Ex-
amples during this pilot study included “unlearned” scenarios of road
construction, parked buses, or incidents requiring off-tracking from
geo-fenced and mapped areas. Grades steeper that 7% from Wright
Gate to Stop #3 increased battery usage and slowed the AV, challeng-
ing its climbing and maneuver capability. Navigating over steel spike
security strips used at both Wright Gate and South Gate resulted in
damage to one AV, rendering it inoperable for 1 week. Typical ground
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clearance of the Olli with passengers was 4 in.; for military installation
applications, this clearance should be higher (similar to standard high-
way automobiles).

e The AV operations team required a designated work space for team
meetings, vehicle and tool storage and maintenance, data download, and
standard office functions. The installation maintenance bay provided to
the AV team was mostly adequate for the pilot, except for data transmis-
sion that occurred offsite. Ideally, high-speed internet or 5G access along
with a more robust office setting sized for the AV fleet and team would
be incorporated into the AV parking and maintenance location.
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4.1

4.2

Energy and Economy

Research focus and methods

The energy and economy LOE focused primarily on the energy supply and
demand and associated costs during the project, as well as some of the re-
lated infrastructure and operations impacts that are more fully covered in
another chapter. This LOE used evidence from field observations, data col-
lection, and fleet management report documentation. Units of analysis in-
cluded the number of AVs, kilowatt-hours, miles driven, and hours of op-
eration. The goal of this exploratory research was to characterize the en-
ergy and economic impacts of an AV transportation service on JBM-HH.

Data findings

4.2.1 Olli specifications related to energy

Range: 20-35 miles (with max load and nominal)
Max Passengers: up to 8

Max Power: 160 kW (215 hp)

Continuous Power: 120kW

Max Speed: 25 mph (limited to 12 mph at JBM-HH)
Charge Time: 2 hours with Level 2 charging capabilities
HVAC® in Roof Unit: 8.5 kW Cooling; 10 kW Heating

Curb Weight: 6100 lbs.

Carrying Capacity: 2100 lbs.

*HVAC = Heating, Ventilating, and Air-Conditioning
4.2.2 Vehicle telemetry and energy use

Figure 29 shows a map of JBM-HH with data points that correlate with the
position of the Olli 13 throughout the day on 10 July 2019, the AV’s GPS
points, and vehicle speed. The size of the bubble indicates the speed.
Larger bubbles indicate higher speeds. The data were provided by Local
Motors in the file titled “OlliNavFiles.tar.gz.” While the speed range was
from 13 mph maximum to 0 mph minimum, the maximum average speed
that the Olli demonstrated was from 5 to 6 mph on the straightaways. The
average speed throughout the entire route while the Olli was in motion
was 4.23 mph.
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Table 3 lists a sample of the time stamp, location, speed, and acceleration

data. The data shown represent a typical day and route (10 July 2019 for
Olli 13).
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Table 3. Vehicle telemetry data from 10 July 2019 for Olli 13.

DateTime bestLatitude bestLongitude Average of speed accel DateTime bestlatitude bestlongitude Average of speed accel
7/10/2019 3:44:25 PM 38.87 -77.07 3.00 (1] 7/10/2019 3:43:22 PM 38.87 -77.07 3.00 0
7/10/2019 3:43:40 PM 38.87 -77.07 200 1 | 7/10/2019 3:44:35 PM 38.87 -77.07 400 0
7/10/2019 3:44:31 PM 38.87 -77.07 400 0 | 7/10/20193:43:22 PM 38.87 -77.07 300 0
7/10/2019 3:44:25 PM 38.87 -77.07 300 0 | 7/10/2019 3:44:36 PM 38.87 -77.07 400 0
7/10/2019 3:44:25 PM 38.87 7707 100 0 | 7/10/2019 3:43:21 PM 32.87 77.07 00 -1
7/10/2019 3:43:40 PM 3887 e 200 1 | 7/10/2019 3:44:36 PM 38.87 -77.07 400 0
7/10/2019 3:44:31 PM 38.87 -77.07 400 o |:AI0/201934321PM 2887 =F0F 30000
7/10/2019 3:44:14 PM 33.87 1107 EECRIRG] | Lomaialinr SoaT ST R
7/10/2019 3:44:24 PM 33.87 -17.07 300 0 ;: :gj S o — o —
21072013 3:44:32, P 287 T2 00 2 7/10,/2019 3:43:21 PM 38.87 -77.07 4.00 0
AL RSl 2eihild =L 200 1 1 51072019 3:43:21 PM 38.87 -77.07 400 0
7/10/2019 3:44:24 PM 38.87 -77.07 s O = s T
7/10/2019 3:44:14 PM 38.87 -77.07 200 0 | 7107010 3.43:20 M e .= o
7/10/2019 3:44:24 PM 38.67 -77.07 300 0 741002019 3:44:37 Pm o P aTn G
7/10/2019 3:43:39 PM 38.87 -77.07 100 1| 7/10/2019 3:43:20 PM e e pro
7/10/2019 3:44:32 PM 38.97 -77.07 400 O | 7/10/2019 3:44:37 PM 38.87 -77.07 400 0
7/10/2019 3:44:24 PM 38.87 -77.07 3.00 1] 7/10/2019 3:43:20 PM 38.87 =77.07 4.00 -1
7/10/2019 3:43:39 PM 38.97 -77.07 100 1 | 7/10/2019 3:44:37 PM 38.87 -77.07 400 o0
7/10/2019 3:44:32 PM 38.87 -77.07 400 0 | 7/10/2019 3:43:20 PM 38.87 -77.07 400 -1
7/10/2019 3:44:24 PM 38.87 -77.07 3.00 ] 7/10/2019 3:44:37 PM 38.87 =77.07 4.00 0
7/10/2019 3:44:14 PM 38.87 -77.07 2.00 0 | 7/10/2019 3:43:20 PM 38.87 ~77.07 400 41
7/10/2019 3:43:39 PM 38.87 -77.07 100 1 | 7/10/2019 3:44:37 PM 3887 -77.07 400 0
7/10/2019 3:44:23 BM e o= 300 o | 7/10/2019 3431 PM 38.87 -77.07 200 1
7/10/2019 3:44:32 PM 38.87 -77.07 Aoc]| | Ral/E B LU S
7/10/2019 3:43:39 PM 38.87 -17.07 100 1 ;: 12;?2;2 i:;z 2: i:::; ;;g; igg ';
7/10/2019 3:44:23 PM 38.87 -77.07 ETE | o o o -y T
7/10/2019 3:43:39 PM 38.87 -77.07 1001 | Ee——— _— — T
AL S ST 3000 | 7/10/019 3:43:10 PM 38.87 -77.07 500 -1
7/10/2019 3:44:14 PM 38.87 -77.07 200 0 | sciaaeaaon e g T
7/10/2019 3:44:32 PM 38.87 -77.07 BOOIIRG] | 105010 4338 oM S gy S0
7/10/2019 3:43:38 PM 38.87 ~77.07 1.00 1 | 7/10/2019 3:44:38 PM 38.87 -77.07 400 O
7/10/2019 3:44:23 PM 38.87 -77.07 3.00 0 | 7/10/2019 3:43:18 PM 38.87 -77.07 500 -1
7/10/2019 3:43:38 PM 38.87 -77.07 1.00 1 7/10/2019 3:44:39 PM 38.87 -77.07 4.00 (1]
7/10/2019 3:44:23 PM 38.67 -77.07 300 0 | 7/10/2019 3:43:18 PM 38,87 -77.07 500 0
7/10/2019 3:44:33 PM 38.87 -77.07 400 0 | 7/10/20193:44:39 PM 38.87 -77.07 400 0
7/10/2019 3:44:14 PM 38.87 -77.07 2.00 0 7/10/2019 3:44:39 PM 38.87 -77.07 4.00 1]
7/10/2019 3:44:22 PM 3887 -77.07 300 O | 7/10/2019 3:43:13 PM 38.87 -77.07 500 0
7/10/2019 3:44:22 PM 38,87 77.07 300 o | 7/10/2019 3:44:39 PM 38.87 -77.07 400 0
7/10/2019 3:43:25 PM 38.87 -77.07 100 =1 |EADZISASIEEN e Z s 500 0
7/10/2019 3:43:25 PM 38.87 -17.07 oD |.A8/e018 3aka9 e L =L Ay, o
7/10/2019 3:44:33 PM 38.87 -77.07 4.00 o | Tetal 4.23

Figure 30 shows the torque, brake pressure and battery charge from

10 July 2019, which indicate how one of the vehicles was being operated.
The battery’s initial charge was 96% and ended at 39%. To get the battery
back to full charge took just under 2 hours using the recommended single-
phase charger, which was in line with the vehicle specification sheet.
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Figure 30. Vehicle telemetry data plotted for 1 day (10 July 2019).
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This dataset was analyzed based on a smaller 2-week sample of data pro-
vided by Local Motors that had GPS data location, time stamp, speed, and
acceleration. These time and location data were not provided in the typical
AV sensor data of the vehicle operation. These two datasets from 10 July
were combined to create a document that associated time, battery percent-
age, latitude, longitude, speed, and acceleration with one another. The bat-
tery usage graph (Figure 31) shows what became a typical deployment day
during the Phase 1b Route, where the AV would traverse the route in ad-
vance of the schedule to place sandwich boards for advertising at the vari-
ous passenger loading/unloading locations, then go back to the garage to
receive a full charge, then operate along the route during the 2-hour
scheduled service period.
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This produced values for battery discharge and the cost analysis for oper-
ating the Olli 13. From roughly 1:50 p.m. through 3:40 p.m., the Olli went
from 93% charge to 56%, or 37% of its battery, thus giving an expenditure
of 6.85kWh over a 1-hour, 50-minute timeframe. Given that the cost of
electricity at JBM-HH is $0.07/kWh, it cost approximately $0.48 for oper-
ational energy to operate during this timeframe ($0.26/hr of operation).
Although there is no direct data record displaying the distance traveled, lo-
cation data show that two laps around the Phase Route 1b were traversed
for a distance between 8.5 and 9 miles. Using an average of 8.75 miles, the
cost per mile was $0.055/mile at an efficiency of 0.78kWh/mile.

Comparing this with the next set of discharge data from roughly 4:40 p.m.
through 7 p.m., the Olli discharged 54% of its initial charge of 73%, giving it a
charge of 19% whenever the dataset ended. This indicates that 10kWh were
used during this trip and the cost was $0.70 for operational energy during
this timeframe ($0.30/hr of operation). Assuming that the distance of the
trip was the average 8.75 miles, this would give an efficiency of 1.14kWh/mile,
which correlates to a cost of $0.70 for the entire trip or $0.08/mile.

Averaging the two trips produces an expenditure of 8.42kWh over an 8.75-
mile distance. The efficiency would be 0.96kWh/mile, which calculates a
cost of $0.07/mile. This suggests that the Olli could theoretically have a
range of 16.88 miles on a full charge (19.23 miles in an emergency), which
would cost $1.18 ($1.35 assuming 19.23 miles). This compares to the AV
specification range of 20 miles for maximum load and 35 miles nominal
per full charge.

This same sample data were used to analyze and evaluate the battery
charging characteristics. The Olli 13’s battery capacity went from 55% at
3:40 p.m. to 73% at 4:40 p.m. This is an increase of 18% or 3.33kWh over
an hour timespan. Figure 32 shows the NRG-Kick charger used to supply
electricity to the Olli’s battery.

Figure 32. NRG-Kick Charger with variable load rate settings.
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With the AV charging station set to supply 3.7kW as shown in Figure 32,
the charger load was 3.7 kWh per hour. However, the data showed that the
Olli only charged 3.33 kWh in the 1-hour timespan between rides. This
suggests that there is an energy loss of 0.37 kWh or a 10% loss while
charging. In a perfect scenario, it would cost $0.23 to supply the Olli

3.33 kWh of charge based on the Joint Base Myer-Henderson Hall elec-
tricity cost being $0.07/kWh. However due to losses, it took 3.7 kWh of
electricity to charge the Olli’s battery 3.33 kWh, which in turn lead to a
cost of $0.26. Assuming a 10% loss is typical, this suggests that it would
take 20.35 kWh of electricity to charge the battery from completely dead to
the full 18.5 kWh capacity, at a cost of $1.43 (instead of $1.30).

Local Motors also provided raw data from each Olli for the weeks of Au-
gust 26 through the 30, as well as July 9 through the 13. These datasets
provided insight into when the AV was operating autonomously as op-
posed to being operated by the attendant, as well as the current and volt-
age being supplied to the Olli’s battery while charging, and the torque and
temperature readouts from the electric motor. Correlating these data with
location, time, other vehicle control unit and sensor data to provide mean-
ingful analytics was problematic as the datasets were disparate, had unex-
plained anomalies, such that further analysis was beyond the scope of this
exploratory research project. However, a display of the data format (Figure
33) can inform future military installation use-case and data analytics de-
velopment.

4.2.3 Fleet operations and energy use

Data reporting was also received and analyzed from the fleet management
operators with daily reports and weekly roll ups of information collected
and recorded by the AV safety stewards and fleet manager.
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Figure 33. Examples of other vehicle control unit data captured along with energy data.
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These reports included useful information regarding the AV’s respective
start and finish times for the route embarked with key factors such as miles
driven, number of passengers per ride, and beginning and ending battery
charge percentage. Appendix G includes the complete reports. Using these
report summaries from 26 through the 30 August, an assessment of the
overall average kWh per mile was determined, giving a value of

0.69 kWh/mile. This rate of energy use is slightly less than the low end of
the range calculated from the actual vehicle system sample data (range of
0.78 to 1.14 kWh/mile) and is directly associated with the actual runtimes of

the AV, and with runtimes reported by the attendant operating the vehicle,
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including much variability due to such factors as load carried or running of
air-conditioning while not traveling. Thus, the measure provides some vali-
dation that operational energy use likely falls in a broader range for ongoing
operations.

Figure 34 shows a visual summary of the data extracted from the fleet
managers report. The data were imported into Power BI" as a way to com-
pare and contrast the various aspects of each of the trips the AVs made
from 26 through 30 August. The light blue line indicates the Olli 10 while
the dark blue line is Olli 13. Figure 34 shows the distances driven by each
AV throughout the week, trend lines that compare and contrast the miles
driven per trip with the battery discharge, a passengers per date plot, as
well as a miles driven vs. initial charge graph where the data points are
sized according to the amount of battery charge lost.

The data demonstrate that both AVs experienced a significant increase in
the energy demand around the 4-mile mark before sharply decreasing. De-
tailed analysis of this specific issue was not feasible due to the inability to di-
rectly correlate location of the AV with granular data on passengers and
loading at a given time, or the use of the HVAC system. It is thus difficult to
suggest what caused a substantial jump in the energy demand although the
relatively steep 7% grade in a portion of the route is a likely factor. On the
day of the substantial jump, the Olli 10 was being used to pick up signs, so
no excess passengers were on board. The weather conditions record states
that it was 79 °F and sunny; it is thus assumed that the air-conditioning
could have contributed to loading. Almost similar conditions were noted in
the substantial jump of the Olli 13 where the vehicle was being used to pick
up signs and the weather conditions recorded were 800F and sunny.

The bottom right graph along with previous battery drain analysis indicate
that battery power capability and rate of discharge is consistent regardless
of percent of battery life remaining. A comparison of the routes at varying
initial battery charges reveals that there were no significant differences be-
tween the energy demands of a battery at full charge and a battery not fully
charged. This suggests that the AVs battery percentage indicator is con-
sistent with its change in percentage in correlation with the exhaustion of
kWh across multiple initial charge levels.

* Business Intelligence (BI)
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4.3

An analysis of the cost of energy using the fleet management reports data,
again based on the price of a kWh at JBM-HH of $0.07/kWh, gives an aver-
age cost of $0.05/mile (previous range $0.055 to 0.08/mile). The Olli has a
maximum battery capacity of 18.5 kWh, but the fleet manager protocol was
to ensure that the battery charge stayed above 20%, thus if the vehicle did
drop to 25%, the safety steward would immediately drive the vehicle back to
the charging station location to ensure the vehicle did not lose power in a
manner or place that was unsafe. The comparison of the fleet management
data to the actual vehicle sensor and vehicle control unit data provided a
more robust analysis of the energy use and costs during the project.

Operations cost comparison

A direct comparison of operation was conducted as a way to evaluate the cost-
estimated difference between the 200hp diesel bus (Myer Flyer) currently in
place and the Olli autonomous-electric vehicle to determine if the Olli would
be a viable alternative for transporting individuals to and from JBM-HH and
the Pentagon. Costs for mileage, lease, and a driver’s hourly wage to operate
each vehicle were determined, and a comparative analysis was completed as-
suming maximum use of both vehicles as the extreme case. In this compari-
son, it is assumed that the route will be operational Monday through Friday,
for 7 hours per day, resulting in an estimated 14,560 miles driven annually
(based on information received from JBM-HH).

The cost to operate the Myer Flyer is $0.329 per mile. Over the course of a
day (56 miles), this amounts to roughly $18.42 in operational costs, or
$4,790.24 annually. The average passenger car operates at $0.076 per
mile. Thus, the Myer Flyer costs roughly 4.3 times more in operational
cost per mile than typical personal transportation. The average cost per
passenger on the Myer Flyer is $0.275 for a 2-mile trip. Individuals would
spend roughly $0.15 in operational costs to travel the same 2-mile route
that the Myer Flyer services, but in their own personal vehicles. Increasing
the number of passengers in either case reduces the operational cost per
passenger proportionally. However, the Myer Flyer acts as a free service to
riders meaning that individuals wanting to use the shuttle’s service would
not be prompted to pay any operational cost, while those taking personal
transportation would. The data outlined in Table 4 provide the basis for
cost comparisons.
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Table 4. Comparisons between Myer Flyer and Olli.
Current Mode Proposed Mode
— ~_ g ' =
Vehicle Standard Bus (Myer Flyer) Electric - Automated Vehicle (Olli)
. . 135hp Max / 40hp Continuous Electric Motor
Power source 200hp Diesel Engine (100KW Max / 30kW Continous)
Passenger Capacity 20 person 8 person
Management GSA Fleet Local Motors
Operation M-F, 7 hours per day M-F, 7 hours per day
Route 14,560 miles annually 14,560 miles annually
Costs Annual Cost Cost Annual Cost
) $0.05 to $0.08 per mile
Mil Cost 0.329 | 4,790.24 1,041.04
ileage Cos S per mile S (50,065 Average) S
Cost Per Passenger $0.275 per trip - $0.06 per trip -
Lease $28.83 per month $345.96 $1000 per day $365,000.00
Safety St d, $30/hr, 8 h d
Driver Cost | Driver, $27.51/hr, 8 hours per day | $57,220.80 | S2f€tY Steward, $30/hr, 8 hours perday | o, ), o
(Included in Lease)
Total: $62,357.00 Total: $428,441.04

The Olli has a significantly less operational cost than does the Myer Flyer
shuttle. The Olli has an average operational cost of $0.065 per mile with
an assumed 10% loss of electricity during charging. Thus, the Olli would
cost $4.00 per day or $1,041.04 annually. This represents a savings of
$3,749.20 compared to the Myer Flyer. The Olli cost is $0.060 per passen-
ger for each 2-mile trip. This is 8 times less than the Myer Flyer and
slightly less than a typical passenger car. However, like the Myer Flyer, the
Olli would be a free service to the passengers. These estimates only reflect
the cost to operate the vehicle, and do not include maintenance, owner-
ship/lease, or driver/safety steward.

The diesel bus or the Olli would be leased from the General Services Ad-
ministration (GSA) Fleet or from Local Motors, respectively. This repre-
sents a large difference in cost given that the lease of the diesel bus would
be a mere $28.83 per month while the Olli is priced at $30,000 per month
(based on $1,000 per day). However, the Olli’s lease includes the salary of
the safety steward that maintains control of the vehicle in the event that
human intervention is necessary. The salary of the Myer Flyer’s operator is
not included in its lease. Annually, the Olli lease is $365,000.00, including
the safety steward’s salary, while the diesel bus is $345.96, not including
the driver’s salary.
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The salary of the operators for the diesel bus and the Olli are more compa-
rable. The hourly wage for the current diesel bus driver is $27.51 per hour
for 8 hours a day. This gives the driver a salary of roughly $57,220.80. The
Olli’s operator would get a similar wage of $30 per hour for 8 hours a day,
for an annual salary of $62,400; however, as mentioned, this salary is in-
cluded within the lease of the Olli. Due to the Olli’s autonomy, the safety
steward could theoretically be phased out over time. This would reduce the
overall annual cost by a factor of the steward’s salary, which would be a
significant portion of the Olli’s price.

The Olli does partially compensate for a higher lease price by its opera-
tional efficiency over the diesel shuttle bus. The test data collected at JBM-
HH indicate that the Olli cost between $0.05 to $0.08 per mile. Over the
roughly 14,560 miles expected to be driven by the shuttle annually, this
would produce a minimum, maximum, and average annual cost of
$728.00, $1,164.80, and $946.40, respectively. The diesel bus costs ap-
proximately $0.329 per mile according to the fleet manager’s calculations,
which yields an annual cost of $4,790.24. Annually, the Myer Flyer costs
approximately $3,749.20 more to operate than the Olli.

A 2017 Ohio State University study referencing the same make and model
of the Olli and doing a similar analysis resulted in findings similar to those
of this JBM-HH project. The Ohio State study compared the use of an Olli
to transport university materials across campus and to act as a secondary
mode of transportation for students against the use of the university’s fleet
vehicles and shuttles. Ohio State University concluded that even purchas-
ing an Olli from Local Motors outright was not a viable solution as the
price of the technology still supersedes that of using a fleet vehicle or a
shuttle to do the same task currently. The Olli outperformed in operational
and maintenance costs of both the fleet vehicle and shuttle in the univer-
sity’s study, and also produced less carbon emissions overall. In the end,
the initial $275,000.00 price tag of the Olli greatly outweighed that of the
fleet vehicle and shuttle combined, regardless of any additional cost saved
on fuel and maintenance.

Ultimately, the total cost comparison between the diesel bus and the Olli are
incomparable. It is roughly 6.9 times more financially efficient to operate
the diesel bus as compared to the Olli, with the diesel bus having a yearly
operational cost of roughly $62,357.00, while the Olli’s would be
$428,128.00. A vast majority of the diesel bus’s yearly cost is allotted to the
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(~$57,220.80) operator’s salary. This leaves a price of $6,703.96 to both
lease and operate the bus on the determined route for the entire year. The
relatively higher cost of the Olli is primarily due to the annual lease from
Local Motors. Regardless of options to lease or purchase an Olli outright,
the annual cost difference would still greatly outweigh that of the diesel bus.
(Note that the documentation of ongoing maintenance and repair costs for
extensive use of the Olli was beyond the scope of this project.)

Transport cost comparison

When comparing alternatives, the main considerations of public transpor-
tation options are capacity, serviceability, and efficiency. This section takes
a transit services viewpoint to analyze and compare passenger travel op-
tions. The analysis is based on observations of the #9 shuttle route that
provides passenger service from JBM-HH to the Pentagon’s Transit Center
using data and estimates for maximum capacity, person-miles traveled, as
well as the person-hours traveled annually. The comparison contrasts the
Myer Flyer shuttle on the same route with either the Olli autonomous-
electric vehicle or a personal passenger vehicle. The following costs have
been assumed: national average gas mileage of 24.2 miles per gallon; na-
tional average cost of $1.841 per gallon of gas.

4.4.1 Myer flyer analysis

The Myer Flyer is one of two public transit systems between JBM-HH and
the Pentagon, which services an average of 67 individuals per day with a
maximum capacity of 20 passengers at a given time. The Myer Flyer ser-
vices the route for a total of 7 hours a day during peak transit times in the
morning and afternoon, 5 days a week, every week of the year. The route is
roughly 4 miles in length, round trip, taking roughly half an hour including
multiple stops along the way. Thus, the total vehicle miles of travel (VMT)
per day is 56 VMT or 14,560 VMT annually. This analysis assumes that the
average passenger travels 2 miles during his or her ride. Thus, the total
person-miles of travel (PMT) is 134 PMT per day, or 34,840 PMT annu-
ally. The ratio of PMT to VMT for the Myer Flyer is 2.4.

Comparatively, a person driving their own car for any distance, the ratio of
PMT to VMT is 1. For each additional passenger, the ratio doubles. Thus,
the Myer Flyer represents the equivalent of a 2-3-person carpool. We note
that it is unlikely that the Myer Flyer has approximately 2.4 passengers
onboard at all times. Rather, it is likely that during periods of peak travel,
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there are higher numbers of passengers, and zero at other times. The max-
imum ratio of PMT to VMT attainable by the Myer Flyer could be 20.0
when all seats are filled, which is 4 times greater than an average passen-
ger car’s maximum ratio of 5.0.

For each Myer Flyer passenger onboard for 2 miles, he or she spends
roughly 15 minutes traveling on the shuttle, thus accounting for 16.75 per-
son-hours traveled (PHT) per day (based on the average daily passenger
count of 67). Annually, the Myer Flyer averages 4,355 PHT, compared with
1,820 vehicle hours traveled (VHT). The ratio of PHT to VHT is also 2.4.

4.4.2 Olli analysis

The Olli shuttle would theoretically yield the same results as the Myer
Flyer for the vehicle and person-miles traveled analysis along the JBM-HH
#9 shuttle route. Using similar ridership as the Myer Flyer, the Olli would
achieve a PMT to VMT ratio of 2.4 (same as the current shuttle). Coinci-
dentally, this is comparable to a 2-3-person carpool. The maximum ratio
of PMT to VMT is 8, which would be achieved when the Olli is operating at
maximum capacity. This ratio is less than half of the Myer Flyer’s maxi-
mum ratio of 20, though still greater than a typical personal vehicle’s ratio
of 5. Due to the Olli’s reduced capacity compared to the Myer Flyer, total
volume of passengers transported along the route may suffer during peak
transit times when demand is higher than what the Olli can support.

Assuming similar operation parameters as the Myer Flyer, passengers
would spend roughly 15 minutes in transit along the 2-mile distance from
the Pentagon Transit Center to JBM-HH, accounting for 16.75 PHT per
day for 67 passengers a day average. An average of 4,355 PHT and roughly
1,820 VHT would likely be observed creating a ratio of PHT to VHT of 2.4.

4.4.3 Service demand and timeliness comparison

The Myer Flyer services portions of JBM-HH to connect the base to the Pen-
tagon’s Transportation Center. Operating along the #9 shuttle route (sched-
ule shown in Figure 35), the Myer Flyer arrives at its first stop of the morning
at the dining hall at 5:05 a.m. From the dining hall, the shuttle makes peri-
odic stops at the Marine Corps Exchange, the Pentagon’s Transportation Cen-
ter, the Rader Clinic, the Officer’s Club, and the Child Development Center
until 8:14 a.m. Public transportation to and from JBM-HH and the Pentagon
is then halted until the afternoon when the shuttle continues its service along
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the route by arriving at the Officer’s Club at 4:25 p.m. Periodic stops are then
made to all destinations previously stated until 6:36 p.m.

Although the Myer Flyer’s serves key locations throughout JBM-HH and
establishes a connection to the Pentagon, the consistency of the service is
limited due to it only being offered during peak transit times in the morn-
ings and afternoons. This creates a roughly 8-hour gap for public transpor-
tation from 8:15 a.m. to 4:25 p.m. for those who use the shuttle’s service,
leaving them to find alternative means of travel — some having to walk as a
result. Assuming an individual had to walk the 2 miles from where they
originally boarded the Myer Flyer, the person-hours accumulated per indi-
vidual would be 0.67 assuming an average 3 mph walking speed. If an in-
dividual were to have to walk this distance every day due to the lack of
public transportation service midday, this would amount to 173.33 person-
hours per each individual annually.

This lack of public transportation serviceability midday incentivizes the use
of personal vehicles for those who need to travel during the midday yet do
not have the time or desire to walk to their destinations. Expanding the
Myer Flyer’s schedule to include a midday route could potentially increase
the ridership by offering incentives for both those who find themselves
walking to their destinations, and for those who are using their own per-
sonal transportation by offering them a convenient alternative. Those indi-
viduals who walk along the #9 route to their destinations would save
roughly 0.417 person-hours per day if the service were to operate during
this timeframe. As for those who currently use personal transportation, the
shuttle service could potentially be an alternative with less environmental
impacts and a reduction in personal operational costs for transportation.

Additional funding would be needed to operate a shuttle during the midday
time frame at JBM-HH. The fleet manager noted that any GSA fleet vehicle,
such as the Myer Flyer, was an asset that could be used for other transporta-
tion service requirements. This flexibility of use was valued by the fleet man-
ager over alternatives like the Olli, which was limited to a designated route
and could not attain higher speeds for public highway use. However, an AV
did present an alternative in which the limited use of the Olli could comple-
ment transportation service at JBM-HH during the midday timeframe if the
Myer Flyer were on another mission trip.
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Timeliness would also vary with speed of the vehicle. A previous compari-
son assumed equivalent speeds between the Olli and Myer Flyer, but in the
case of this pilot, the Olli was programmed to operate at no more than

12 mph. Assuming the Myer Flyer operated at 25 mph (the posted speed
limit), then in theory, the Olli will take twice as long to reach its destina-
tion, will reach 50% fewer stops, and transport 50% fewer passengers over
the same time period. The lower speed will have an effect on the total vehi-
cle miles traveled as well as the total person-miles traveled, and thus im-
pact the value and utility of the service.

Results and recommendations

The following recommendations and key results are based on the energy
and economy LOE. It is important to recognize that these are based on a
single case study deployment of a single AV type on one military installa-
tion during the predominantly warmer summer months in eastern Vir-
ginia, USA. However, many of the findings were generalizable into the fol-
lowing key considerations.

e Battery drainage of the AV was higher than expected during operations
and is a constraint. While the average range for the AV specifications
was 20 miles for maximum load and 35 miles nominal, the realized
range was on the order of 16 to 19 miles, or approximately 55% of nom-
inal. A single fast AV charging station was installed on the military in-
stallation and used alternatively to charge the two AVs.

e The Olli has a maximum battery capacity of 18.5 kWh, but the fleet
manager’s protocol was to ensure that charge stayed above 20% of bat-
tery, thus if the vehicle did drop to 25%, the safety steward would im-
mediately drive the vehicle back to the charging station location to en-
sure the vehicle did not lose power in a manner or place that was un-
safe. This business practice should be considered in route selection,
charger location, and overall planning.

e Cost of operational energy for the AV ranged from $0.05 to $0.08/mile
driven; and $0.26 to $0.30/hr of operation during fixed route transpor-
tation service based on the current price at JBM-HH of $0.07/kWh. Ef-
ficiency of AV operation ranged from 0.69 kWh/mile to 1.14 kWh/mile.
Energy usage and consumption for AVs varies with context of operations
to include topography, temperature, vehicle and cargo weight, accelera-
tion/deceleration zones, and additional battery loads such as heat-
ing/air-conditioning, and frequency of opening and closing of doors.
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e The data revealed a 10% loss in energy between the charging station
power required and the battery charge received. This is a reasonable
planning factor for converting operational energy demand to supplied
energy and cost.

e Developing language for competitively bid AV mobility service should
consider energy requirements and performance and whether govern-
ment or contractor is responsible for each.

e The datasets from the AV are disparate and difficult to integrate for
evaluation of energy use, miles driven, hours of operation, vehicle sta-
tus, and location in a time sequence that allows detailed econometric
analysis. Future data indexing and collection should consider this in
the data architecture design stage for determining data collection fre-
quency, latency, and integration goals of the project.

e Understanding the full range of data collected by the vehicle control
unit and battery management system is useful in developing use-cases
for AV sensor data and second-order benefits of AV deployments such
as condition assessments, facility monitoring, or emergency operations
notifications.
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Data Architecture and Cybersecurity

Research focus and methods

The data architecture and cybersecurity LOE focused primarily on the cap-
ture, storage, and transmission of data during the project, and the associ-
ated risk of security compromise of the data in this process. This LOE used
evidence from field observations, data collection, and data management
documentation. Units of analysis included the number of terabytes, time,
and hours of effort. The goal of this exploratory research was to character-
ize the data and cybersecurity impacts of an AV transportation service on
JBM-HH.

Data architecture and design form the backbone of the digital infrastruc-
ture required to operate, optimize, and integrate AV technology into the
enterprise data system. A best solution depends on the specific installation
and their capabilities, mission priorities, and future plans. Smart installa-
tion concepts are learning from the extensive experience of smart cities
over the past several years. As an example, Figure 36 shows a highly de-
signed enterprise data management architecture example that progresses
from data sources, to data ingestion, to data preparation, to data analysis,
to results publication, through results consumption. Each of these steps
requires understanding and forethought in design and where and how an
AV technology system fits.

To capture, store, and transmit data into the enterprise data architecture
an AV and other related and connected infrastructure requires digital
equipment. While a detailed explanation of these technologies exceeds
the scope of this report, Figure 37 shows one example from the city of
Denver, which serves as a leader in smart transportation technologies.
This level of advanced technology and data architecture design were not
present during the JBM-HH project but are highlighted here to give con-
text for future requirements for fully integrated and optimized AV de-
ployments on installations.
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5.2

Olli vehicle implementation at JBM-HH was a joint venture between two
companies, Robotic Research and Local Motors. Robotic Research pro-
vided the hardware and software for route planning and obstacle avoid-
ance, while Local Motors provided the vehicle (motor, chassis, body, etc.).
There were two datasets, the first collected by Robotic Research’s six Li-
DAR sensors, five radar sensors, and six video camera feeds. The second
was telemetry collected from the vehicle, such as battery charge, torque,
sensor faults, etc. and was provided by Local Motors. This chapter focuses
on the review and architecture of these datasets.

Data and findings
5.2.1 Data organization and architecture issues

It was difficult to marry the time sequences between all of the devices into
a picture of what was happening on the vehicle for a given window. This
was because the two vendor datasets had different mechanisms for index-
ing and querying their respective data.

Robotic Research did have a smart naming convention for the files (cam-
era imagery, LiDAR, radar) that described the time the data were cap-
tured. The smart naming convention devised by the company was essential
for indexing the information and understanding how datasets lined up
temporally, especially considering how many data files were present (See
Appendix I). However, another issue that obstructed analysis of the data
was the raw format, PCAN (see Appendix I), which required post-pro-
cessing using scripts. The post-processing was accomplished either by
hand or by developing tools to do conversions of the datasets into some-
thing more user friendly (mp4 video, LiDAR visualization, etc.).

The second dataset from Local Motors was accessed through an applica-
tion program interface (API). The data collected from the Local Motors
onboard sensors were captured at 1-second intervals, resulting in a large
dataset. There was not a smart naming convention for this dataset, which
made it difficult to combine with the Robotic Research data in an auto-
mated fashion.

The Local Motors API has a number of parameters that allow for specific
querying, such as the date of collection and vehicle identification number
for the specific information being requested at the URL endpoint (see Ap-
pendix J). However, the data that were returned were limited as was the



ERDC/CERL TR-20-9

74

5.3

API, and there was no mechanism for querying data at a specific time of
day. This makes it difficult to find a specific window of activity where Ro-
botic Research and Local Motor datasets can be combined. Still, the issue
of greatest concern was that the Local Motors API could not handle multi-
ple calls concurrently, therefore the throughput of the data collection pro-
cess was extremely limited. It would take tens of thousands of API calls to
extract a large dataset. To alleviate this issue, Local Motors provided a
large data dump containing information available from the API. However,
it is recommended that vendors provide automated mechanisms of data
querying for larger amounts of information in a robust manner.

Appendices C and D contain examples of the Robotics Research and Local
Motors Datasets, respectively.

5.2.2 Cybersecurity

Because this version of the Olli is not network connected, most of the data
security revolves around the physical security of the hard drive on the ve-
hicle that houses the data. When the data are offloaded manually and
stored on servers at Robotic Research and Azure Government Storage ac-
counts, the data are transferred over SSL (secure socket layer) using built
in keys provided by Azure for encryption. Currently, there have been
92,092 files uploaded to the Government Azure Blob Storage Account for a
total of about 5.5 terabytes dating from July 2019 to September 2019.

The second dataset (vehicle telemetry provided by Local Motors) can only
be accessed through an SSL enabled Rest API that employs user name au-
thentication and token authorization (both provided by Local Motors).

Results and recommendations

The following recommendations and key results are based on the data ar-
chitecture and cybersecurity LOE. It is important to recognize that these
are based on a single case study deployment of a single AV type on one
military installation. However, many of the findings were generalizable
into these key considerations.

e A standardized mechanism for indexing data from various sources of
AV technology systems is needed to establish a solid data architecture
and allow common data queries and effective application of post-pro-
cessing methods and data analysis.
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e Data security for the project was high; however, this was primarily due
to the self-containment of the AV system on the vehicle with no reliance
on any external network access. Although this was secure, it also re-
sulted in a lack of real-time data transfer. Data transfer into secure gov-
ernment cloud storage occurred manually through periodic offloading
via portable hard drives and overnight uploading with secure offsite in-
ternet connections. Edge computing and real-time data were limited in
this configuration. This highlights the trade-off between risk and value.

e Reliability of the AV was uncertain based on instances of hard reboot
requirements for the onboard system, which resulted in AV inoperabil-
ity. Apparent fragility of the technology stack and integration with the
AV sensor package demonstrated a need for continued development of
more robust and resilient data processing and technology systems.

e Sharing data requires a specific, complex intergovernmental agreement
or memorandum of understanding that entails extensive legal review.
Data sensitivity, privacy, ownership, stewardship, reporting, re-
strictions, and disclosure are all important considerations.

e The AV fleet manager or a key person on the AV delivery team needs to
have CAC-access to the DoD network if they will interact with a DoD-
approved system. This was not required during this pilot but was noted
as important for future considerations and data sharing.

e Developing and documenting physical, operational, communications,
and cybersecurity assessment protocols will require further research
studies and use-case applications with multiple AV technologies at var-
ied installation locations with diverse missions. Both the data environ-
ment and the applications require an integrated security approach that
is currently ill-defined in the 4G and 5G networks.
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Data Analytics

Research focus and methods

The data analytics LOE focused primarily on the possible second and third
order decision-making impacts that the AV technology could inform dur-
ing the project. This LOE explored in detail three specific use-cases that
were of value to JBM-HH, and used evidence from field observations, data
collection, and AI applications and documents. Units of analysis included
the number of terabytes, time, hours of effort, and confidence levels. The
goal of this exploratory research was to characterize and determine data
analytics impacts of AV technology to operations when applied at a mili-
tary installation. Ridership/adoption, safety concerns, and traffic disrup-
tion/alleviation were all areas that were considered. Preliminary data ana-
lytic activities focused on these efforts.

Due to the limited scope of this project and its exploratory nature, only de-
scriptive and diagnostic analytics tools were applied. As Figure 38 shows,
future efforts are needed to further develop predictive and prescriptive an-
alytics related to AV operation on installations.

Figure 38. This evolution of data analytics chart demonstrates the increasing difficulty and
effort required for increasing value of data analytics.
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Source: Denver Smart Cities Connect, April 2019 presentation
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Data and findings

Three limited use-cases were explored as part of this LOE to count passen-
gers on the AV at any given time to quantify ridership, to determine the
length of vehicle queue behind the AV, and to evaluate safety steward take-
overs of the AV.

6.2.1 Ridership

Ridership can be defined as the act of transporting a person from one loca-
tion to another. First, ridership was examined through the use of a camera
installed inside the cabin of the vehicle. Microsoft Government Azure Cog-
nitive Services (Computer Vision) was used for object detection within a
video frame. The vision model was trained to detect people using still
frames from the camera with targets (areas delineated/marked in the pic-
ture and tagged as person) supplied by a human. Training the model is
time consuming but does provide a good measure of accuracy, especially
when confidence values are increased above 60% (Figure 39).

Figure 39. Image shows Azure Cognitive Image Processing Services in an attempt to
determine person objects in frame. While this method (after Al training) may identify persons,
it can be argued this is not a good determination for ridership.
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Arguably this technique is not an accurate measure of ridership, because
the problem is more difficult when considering operational deployment
(the same person stepping off and back on the vehicle) and recognizing
when the vehicle is moving versus stationary. Unfortunately, a GPS dataset
was not available for this pilot. While the vision model can detect one or
more person(s) in a frame, it does not know whether or not the vehicle is
transporting the person without also understanding the background im-
agery of the previous frame. We assumed that different time stamps did
not comprise an accurate assumption of vehicle movement. More im-
portantly, if a rider left the vehicle at a stop and later returned to the vehi-
cle, the object detection could only recognize the presence of a person ob-
ject, not a unique individual object. Therefore, ridership numbers could be
inflated in this manner because there was no mechanism for determining
whether or not it was the same person riding in the vehicle, or a new indi-
vidual. Therefore, the safety steward would be counted as a new rider
every time he stepped off and reentered the vehicle.

Training the model to recognize distinct individuals brings into question
privacy and security issues. In addition, the placement of the camera in-
side the AV was not optimal for viewing individual faces, which would be
essential for individual recognition. Most images from the cabin camera
show the top or back of the head. It is recommended that additional data
be used to help with ridership identification, such as GPS, as well as an ad-
ditional camera in the vehicle and onboard processing to determine
unique individuals if ridership is to be determined through cognitive vi-
sion. Another option is to integrate the boarding process with GPS and
camera or facial identification technology.

6.2.2 Traffic analysis

The second research question focused on traffic disruption or alleviation
on the installation. It was reported that traffic queues were forming behind
the AV causing traffic disruptions. From empirical observance, this could
have been attributed to the cautious nature/programming of the Olli Al
When the vehicle sensed an object within close proximity (using LIDAR
and radar sensors) it was programmed to reduce speed to avoid collisions.
This was logical. However, if a vehicle tailgated the Olli, the Al response
was to slow even further, causing more delays and buildup of queues
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following the vehicle. (It should also be noted the vehicle’s programmed
speed was slower than the normal traffic limit.)"

Measuring vehicle queues also proved a challenge with the existing camera
placement. Determining queuing behind the vehicle requires a clear line of
site from a top down view. While there was a top front and bottom front
camera placed on the vehicle, there was only a bottom back camera
mounted on the rear. The vantage from this angle only showed the car im-
mediately following (unless the vehicle turns, thereby providing a different
angle) so that other cars following the initial vehicle are obstructed from
view. (Although LiDAR was also considered to investigate this problem, it
had similar issues. There is a LIDAR sensor mounted on the back rear of
the vehicle. However, LiDAR has a limited range of visibility and “fans”
out from the source making it difficult to see any additional vehicles be-
hind the first vehicle, especially when the first vehicle is large so that it ab-
sorbs the laser return.) See Figures 40 and 41.

Figure 40. Showing camera angles only at the bottom of the vehicle. Determining queuing
behind the vehicle is difficult from this vantage point.

2019-07-23 09:18:30

* Vehicle queues occurred so often that the safety stewards had an informal contest to see who would
end up with the longest line of vehicles behind the Olli.
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Figure 41. Showing LiDAR placement from the top of the vehicle rear facing. LiDAR creates
an empty space behind the laser scan for the first vehicle making it difficult to measure other
vehicles behind the first vehicle in queue.

6.2.3 Safety analysis

Another analysis was performed to review safety incidents. Data mining
review by time/location for incidents involving safety steward takeover of
the AV were captured. Determining edge computing use-cases that are
most beneficial to installations for real-time analytics development and
feedback for engineers will optimize enterprise data architecture design.
Figures 42 and 43 show an incident in which the steward took control of
the vehicle before the onboard processing could slow or stop the vehicle.
Mining the data for time and location provides a valuable feedback mecha-
nism for safety engineering.

Figure 42. AV video capture showing LiDAR of tractor-trailer blocking roadway. These data
can be used to validate safety concerns for vehicle behavior.
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6.3

Figure 43. AV video capture showing camera of tractor-trailer blocking roadway as it is
backing into a dining facility loading dock on JBM-HH.

nt_bottom.RR_Olli_10:0lli10-nsight.2019

Results and recommendations

The following recommendations and key results are based on the data analyt-
ics LOE. It is important to recognize that these are based on a single case
study deployment of a single AV type on one military installation. However,
many of the findings were generalizable into the following key considerations.

AV sensors and technology are deployed to prioritize and optimize data
gathering and decision-making for vehicle maneuver and navigation.
Most of the Al and data integration software for this purpose are pro-
prietary products.

Raw sensor data from AV LiDAR and cameras were processed into
video feeds for visual assessments and review; however, this was not
done in real-time and requires large data storage capacity for high-defi-
nition (HD) video files. Video analysis of safety steward interventions
proved challenging as searching accurate time stamps for interventions
and viewing various sensor data to fully understand context was ex-
tremely time consuming.

ERDC developed a framework to count passengers onboard the AV
with acceptable reliability using AI and Cognitive Services.

ERDC attempted to use Cognitive Services to develop an Al framework
to determine queue length of vehicles behind the AV; however, the ex-
ternal camera location on the rear of the vehicle was too low to do so
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with acceptable reliability. Further research is needed to determine if a
camera on top of the AV or remote sensing is feasible for real-time
queue detection.

e Data mining review by time/location for incidents involving safety
steward takeover of AV are possible. Integration of GPS or other loca-
tion data is essential for real-time data analytics.

e Edge computing use-cases that are most beneficial to installations for
real-time analytics should drive future investment in AI and supple-
mentary sensor integration into current AV technology.
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Human Factors

Research focus and methods

The human factors LOE focused primarily on the interaction between peo-
ple and the AV. Driving on public roads is a social endeavor (Vinkhuyzen
and Cefkin 2016), so we wanted to empirically document the introduction of
the automated shuttle onto Joint Base Myer-Henderson Hall. The most ob-
vious relationship was between the Olli and passengers, but researchers also
examined responses of non-riders to the AV. The project surveyed people’s
reactions to the AV to discover their trust in the autonomous vehicle, and to
gauge peoples’ reasons for acceptance or rejection of the shuttle.

A previous AV study at Fort Bragg on the ARIBO self-driving vehicle ex-
amined users’ perceptions of trustworthiness, intelligence, level of auto-
mation, safety, and comfort (Schaefer et al. 2018). Through a survey of rid-
ers, their study found a general trust in the automation, which increased
when more people could observe or interact with the AV. However, those
researchers did not know if the trust were due to military riders having
overall confidence in any technology the Army would bring on base. Addi-
tionally, their survey had a low response rate. This work builds on that pi-
lot, while overcoming the limitations through broader survey methods and
demographic questions intended to detect bias by age and work (e.g.,
higher trust in the AV because the respondent works for the DoD).

7.1.1 Surveys

The performance metrics examined in the project were: trust in autonomy,
basic demographics, and participants’ perceptions of safe operations. To
collect these data, we created a 14-question survey approved through the
Human Research Protection Program of ERDC (see Appendix K). The first
six questions elicited general demographic information and the participant’s
general experience with AV. Questions 7-11 asked about the participant’s
perceptions regarding Olli using a 7-point Likert scale, including the ma-
chine’s intelligence, safety, trustworthiness, comfort, and its use on base.
These questions follow earlier studies that discovered when passengers were
given the option to take control of an AV, they did so more often than neces-
sary, indicating a lack of trust in autonomy (Schaefer and Straub 2016)."

* The takeovers occurred more frequently in autonomous vehicles that had standard controls, such as
steering wheel and brake pedal, rather than just a stop button to override the autonomy.
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This project sought to determine what level of trust passengers or observers
of a vehicle had when a safety steward was present on the AV. Questions 12
and 13 asked about the acceptability of the vehicle in avoiding other objects
and obeying traffic rules without human intervention, also using a 7-point
Likert scale. The final question allowed for open-ended feedback.

After some discussion with Local Motors at the start of Phase 1a, we com-
bined CERL’s survey with their user experience survey. The result was a
21-question survey that was handed to participants and then collected
when they finished riding the Olli (see Appendix L). Beginning 9 July
2019, researchers approached riders and non-riders alike to gather surveys
until the end of the demonstration on 27 September 2019.

Additionally, Local Motors provided an option for passengers to take a
web-based version of this combined survey, after riders had signed online
waivers to ride the vehicle. The company also gathered physical copies of
this survey when ERDC researchers were not present, or when riders
signed a paper waiver instead of the online option.

For those riders or observers who were too busy to fill out a physical sur-
vey in the presence of researchers, CERL provided a fact sheet with a QR
code and a web address to a shorter version of the survey that they could
fill out later (see Appendix M). Although the surveys were initially created
to be answered by both riders and non-riders alike, after the CERL ques-
tionnaire was merged with the Local Motors’ survey there was some par-
ticipant confusion (further discussed in section 7.2, “Data and findings”).

7.1.2 Participant observation

Although surveys provide a quantitative measure of riders’ and non-riders’
perspectives, we also gathered qualitative data through participant obser-
vation. Researchers rode the Olli, informally talked with passengers, ob-
servers, and safety stewards while watching and documenting their con-
tact with the AV. Many past studies on AV rely on modeling (Wang et al.
2018, Wang et al. 2019) and simulations (DeKort 2020, Schaefer and
Straub 2016, Stayton et al. 2017). Attending to calls by previous research-
ers (Straub and Schaefer 2019), our pilot project allowed direct observa-
tion of the social interactions between the shuttle and numerous partici-
pants in the traffic system.
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Because surveys are limited in the types of information gathered, partici-
pant observation allowed both the CERL researchers and other study con-
tributors the space for exploratory questions and answers. This method is
particularly relevant in exploratory research such as this fielding of new
technology and in circumstances where we do not know much about a situa-
tion, because there are important differences between the views of insiders
versus outsiders (DoD vs. non-DoD), and because the phenomenon is hid-
den from public view since AV are not allowed on most public streets
(Jorgenson 1989:12-13). Observations were also documented by the
VDOT’s, the military contacts on base, and a variety of invited professionals
and scholars. These research efforts provided comparative analysis between
human decisions and the AV, along with triangulation of our survey results.

During the pilot, CERL researchers regularly visited the base, took field-
work notes, and transmitted them to the rest of the team through trip re-
ports after returning from a weekly visit (10 weeks of the 14-week deploy-
ment). The varied backgrounds of the researchers led to multiple perspec-
tives in their observations, and the reports allowed the investigators who
would be visiting next to prepare and follow up on outstanding issues. In
addition to the informal interviews with passengers that elicited a broad
array of answers, the metrics that were recorded during our trips included
the body language reactions to the Olli and the actions of both pedestrians
and other drivers to the AV on the road. Actions and reactions were con-
firmed with analysis of the Olli video recordings when possible.

7.1.3 Methods of analysis

Once the pilot ended and all data had been gathered, survey information was
entered into Qualtrics and quantitatively analyzed using t-tests, chi-square
testing, and linear regression (Fisher 1922, Yan and Su 2009). Four people
said they answered more than one survey. Answers were confirmed by com-
paring age, date taken, and open-ended feedback. In two cases, the previous
surveys were identified. The other two respondents might have taken earlier
surveys that were removed because of incomplete data; therefore, they were
left in the results. The two confirmed instances also remained in the analyses
to gain a temporal perspective from the same passengers.

Field notes, trip reports, meeting summaries, and contractor documenta-
tion were gathered and collated. These disparate documents were then
sorted through componential analysis (Spradley 1980), a methodology
that has served many types of qualitative and mixed methods research
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7.2

(e.g., Phillips 2014 for disaster studies). First, riders and non-riders were
sorted into specific demographics (or domains) — those who live or work
on base, those working for the DoD and living off base, or respondents
who do not work for the DoD. Second, a taxonomic analysis further re-
fined our categorical domains by slicing our demographics further to com-
pare and contrast factors such as whether particular populations had pre-
viously ridden the AV, or the age of those who had ridden versus observ-
ers. Once a taxonomy of riders and non-riders was created, the compo-
nents of cultural patterns were sorted through using the domains, allowing
us to integrate the findings across our varied sources and between both
quantitative and qualitative approaches.

Data and findings

The diverse methods of gathering completed surveys provided mixed re-
sults. CERL researchers and Local Motors gathered 109 physical surveys,
but six of those had to be removed because only one side of the question-
naire was completed. Local Motors collected 90 online surveys and 39
were removed because of incomplete answers (i.e., at least five questions
were unanswered). The rate of return on the fact sheet with a link to the
survey through QR code had only three responses. This survey was created
on SurveyMonkey using their basic survey, which only allows 10 questions
due to this provider being a Federal government approved vendor. Be-
cause the fact sheet survey only provided a smaller subset of 10 questions,
and we only received three responses, we did not use those results. The
low rate of return confirmed previous researcher’s experience at Fort
Bragg that online surveys garner less results.”

We gathered a total of 154 usable surveys. This included 101 responses
from Phase 1a, the invitational period from 19 June to 12 August, and 53
surveys from the open Phase 1b from 13 August to 277 September 2019. The
questionnaires were filled out by safety operators (N=3), people who live
or work on the base (N=48), workers for the Department of Defense who
live off base (which included military, N=19), and respondents who do not
work for the DoD (N=84). There were 32 non-riders and 122 riders (in-
cluding safety stewards). None of the passengers, other than the safety
stewards, had ridden Olli more than twice, and one observer claimed to

* Personal communication, 26 April 2019.
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have been a passenger 3-4 times; perhaps they had seen Olli operating that
many times at Joint Base Meyer-Henderson Hall.

The problem with combining the two surveys is the marketing questions
from Local Motors assumed that people had ridden the Olli. The CERL
survey was created so that either riders or non-riders could take it. The
combined surveys created some confusion, as Local Motors’ Question 5
asked if the vehicle was comfortable. Some non-riders answered that ques-
tion and then read on to CERL’s Question 17, which had been reframed as,
“If you were not a rider: the vehicle appeared to give a comfortable ride,”
with a 7-point Likert response of Strongly Agree to Strongly Disagree. This
created misunderstandings, especially since respondents using Local Mo-
tors online survey could not return and change their previous answers. As
one person’s feedback noted, “The survey interface does not allow me to
easily go back and review the questions and my answers.” For purposes of
analysis, CERL maintained the original language for Question 17 and com-
bined responses so both riders and non-riders responded to perceived
comfort in the same question.

Respondents included military and civilian personnel who were on base
for a variety of reasons. Many of the surveys were gathered from people in-
vited on base by the NVRC to see the operation of the Olli in person. Alt-
hough there was a low level of ridership from military personnel (83 of our
riders did not work for the DoD), we did gather valuable information
about this minority of DoD riders and those passengers who live or work
on base (see section 7.2.2, “Low ridership”).

7.2.1 Intelligence, comfort, and trust in the AV

Both riders and non-riders either agreed (48.7%) or strongly agreed (24%)
that Olli was intelligent. Of those respondents who only somewhat agreed
that the AV was intelligent (16.9%), gave reasons including the machine
had stopped without reasonable cause, it stopped a little past the stop sign,
or it stopped too far away from stop signs and cars. Additionally, when the
safety steward took control of the vehicle at times (including manual stops
for pedestrians in crosswalks), this action resulted in riders questioning
Olli’s intelligence. Interestingly, one of the safety stewards would use the
emergency brake to stop the AV well before the crosswalk if it were occu-
pied. He said, “There are many times where I pull the emergency brake
early, though I know Olli will stop. That’s to give people [pedestrians
crossing in front of it] their space so Olli doesn’t scare them by getting too
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close before stopping.” Most of those who neither agreed nor disagreed
with the vehicle’s intelligence were non-riders (N=14 out of 16).

Riders perceived Olli as mostly comfortable, with 72.7% of respondents
strongly agreeing (N=25) or agreeing (N=63) that the vehicle was comfort-
able. For those who somewhat agreed, or neither agreed nor disagreed that
Olli was comfortable, some passengers commented on the seats/seatbelts
(N=5), that it needed more room inside (N=2), that the temperature was
irregular (N=1), or the stops and starts were jerky (N=2). The inconsistent
deceleration and acceleration were also mentioned in surveys that rated
riders’ perceptions of safety as low (see below), but comfort was particu-
larly pronounced in one comment. The rider noted that, “I sat in the back
seat, which made me nauseated with the jerky and fast stops and starts. I
had to move to a side seat and sit with my legs toward the front to support
me. I would not ride it again ‘til that was fixed.”

Additional comments on comfort that overlapped with other domains, such
as whether people would ride it again, were those relating to air-condition-
ing and heat. One notably positive response, from a mother who lived on
base, reflected on the convenience of the service,

I'd love it if Olli would go both directions down McNair Rd. This would
be greatly beneficial during the “school year” months, as weather is more
challenging and walking not the easiest. I will bring my two kids for a

later ride.

Trust in the autonomy was mixed, with a 63.6% majority of participants
either strongly agreeing (N=31) or agreeing (N=67) that Olli was trustwor-
thy. Whereas 72.7% of respondents believed the AV was intelligent, the
nearly 9% difference raises the question of why more people think Olli is
intelligent rather than trustworthy. First, it should be noted that many of
those who neither agreed nor disagreed that the AV was trustworthy
(thereby taking a neutral perspective) were non-riders. Nearly half of non-
riders (46.9%) were unsure if it was trustworthy, while only 9.3% of riders
doubted the vehicle’s trustworthiness—68.7% of riders either agreed or
strongly agreed in the Olli’s trustworthiness.

This statistically significant relationship indicates that both non-riders and
riders see the AV operating in an intelligent manner, but riding the vehicle
engendered a greater level of trust. Despite this, the open-ended feedback
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demonstrates why some riders still did not trust or strongly trust the Olli.
Of those riders that somewhat agreed in the trustworthiness of the vehicle
(N=29), they questioned its ability because the safety steward drove the
route (N=1), it stopped far away from cars and stops signs (N=1), it had
jerky starts and fast stops (N=3), and was not slowing down for pedestri-
ans that were near it (N=1).

Previous research has shown that users of autonomous machines and ro-
botics demonstrate higher degrees of trust when there are high degrees of
communication between the AI and the human (Schaefer et al. 2017). This
feedback loop is important for the operator—and in our case, the safety
steward who always watched the Olli’s progress on both the small monitor
in front of him (which was not visible to riders), and the road. Addition-
ally, our observations implied that knowing what the machine is doing and
how it is making decisions might be critical for at least some riders.

As CERL researchers rode along with invited groups, the safety stewards
were often asked questions about how the Olli made decisions. Riders also
mentioned the importance of understanding what the machine was doing
in their surveys. One participant noted that an improvement to the ma-
chine would be, “Verbal communication to let passengers know the stops,
status, intentions.”” When the autonomous vehicle itself becomes the lit-
eral driver, passengers begin to wonder about what the machine intends to
do during operations.

The importance of knowing the intentions of the AV was brought into fur-
ther focus as another rider described how the “Safety operator should be
more descriptive about their intervention vs. Olli on auto[pilot] so we can
better distinguish [when Olli is on autopilot].” This rider further elabo-
rated that “It was difficult to assess with the driving steward close to the
controls,” making it clear that knowing what decisions the AV was making
would have increased trust in the autonomy. Despite these riders’ con-
cerns about needing more information regarding the Olli’s intentions, the
simple act of riding the machine alleviated most participants’ concerns.

When asked, “How likely you are to recommend Olli to a friend or col-
league on a scale of 0-10,” there was a significant statistical relationship
between those who had ridden the AV, and non-riders. Passengers were

* Seven riders made comments requesting more communication by the Olli through either voice or moni-

tors for situational awareness.
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89.2% likely to recommend on the upper end of the scale (8-10), and the
three safety stewards rated it 10. While 66.6% of the observers not riding
on the vehicle only recommended from 7 or lower (45.8% rated 6 or
lower). Unsurprisingly, those who rode Olli were more likely to recom-
mend it to others (see Figure 44). The likelihood of endorsement was unaf-
fected by age of the participants, unlike other studies that found lower lev-
els of trust in older participants (Dikmen and Burns 2017).

Figure 44. Comparison of recommendations to a friend depending on whether a rider or
not. These data were gathered after the Local Motors and CERL surveys were combined;
since the question was one of the added Local Motors’ questions, not all participants
were asked this question.
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Although the hypothesis was that those people who live and work on base,
and those who work for the DoD would have greater trust in the AV be-
cause it had been cleared to operate on base, our analysis found no statisti-
cal relationship between those factors. Because it is important to gain the
trust of those riding the vehicle, it would be useful for future researchers to
ask about levels of trust both before a ride and after a ride to see how
much trust rises in passengers. Gathering such data might also provide an
understanding about DoD workers’ trust in base leadership’s vetting of
such technology, especially if there are differences in trust before riding
depending on whether a civilian or military worker/family member.

7.2.2 Low ridership

While the route was being mapped, the Olli moved around the base follow-
ing its programming, but people were not allowed to ride during the
3-week setup. Additionally, once Olli was opened for invitational events, a
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sign was posted on the back to discourage tailgaters, but was ambiguous
regarding the purpose of the vehicle as a transportation option (see Figure
45). Outside signage also reflected the research aspect of the vehicle, with
the logo of the programming company being shown in the display (e.g.,
Robotic Research, see Figure 46). Although 2 weeks later the sign was
changed (see Figure 47), the notices had indicated this vehicle was for re-
search rather than general ridership, and that impression was reflected in
both survey results and feedback during a family event on base.

Figure 45. Sign posted on the back of the Olli during part of Phase 1a, because if drivers
tailgated then the AV would slow down.

N
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Figure 46. External LED on the Olli, displaying “Robotic Research,” the company responsible
for the programming of the autonomy.
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Figure 47. Rear signage changed on the Olli, reflecting the open Phase 1b, but still not
stating that anyone could ride the vehicle.

The open-ended questions in the surveys indicated some reasons for low
ridership. These included the need for the vehicle to operate more hours so
users would find it convenient to take the Olli to meet general transporta-
tion needs beyond the 2 lunch hours. There was also feedback saying peo-
ple wanted expanded routes (including routes going in both directions), on
demand ride requests, and more information about the current routes, as
“I only know of Olli as it passed by.” Numerous survey comments indi-
cated that Olli needed more stops and at specific locations, especially dur-
ing peak transit hours.

The base newspaper, The Pentagram, printed numerous articles about
Olli leading up to the launch of the AV pilot (Appendix D). During the de-
ployment, the paper printed additional articles and also posted the weekly
time schedules. Other outreach included a poster board at each of the
stops with removable schedules for prospective riders (see Figure 48).
There were also examples of riders posting videos of their experiences to
social media such as Facebook and TikTok.
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Figure 48. Sandwich board at one of the stops showing how to register for signing a waiver
online with attached schedules.

mm  Register for your ride at
m%!

rideolli.com

Despite this outreach, ridership for the 7 weeks of the open Phase 1b only
averaged 18 riders per week, if you do not count the invited groups. During
an event at the Child Development Center, the Olli was on display among
other vehicles such as a police car, fire truck, and a school bus. The safety
steward at the event described how many parents took advantage of the
vehicle’s air-conditioning, allowing him to discuss the AV with the
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attendees. Most people said they had seen or heard of the vehicle. How-
ever, when the steward asked further questions, attendees often said they
did not know Olli was available and they were afraid of riding an AV. On
learning there was a safety steward onboard who can intervene if neces-
sary, and that the AV was free and open to the public, the visitors showed
increased interest and the attendant quickly ran out of schedules.

To address the low ridership, Local Motors, in concert with base leaders,
expanded the Olli operating schedule in the final 3 weeks of operations.
Adding a morning route for the twelfth week, and an evening run for both
the thirteenth and fourteenth weeks of increased service, ridership peaked
with the combination of both spontaneous shuttle riders and invited
demonstration groups (see Figure 49). Providing accessibility for prospec-
tive passengers during the busiest transit periods of the day, and a market-
ing push of the expanded hours in high traffic areas, such as the bowling
alley, resulted in higher ridership. The next section addresses the question
of whether more riders increased overall perceptions of the AV’s safety.

Figure 49. Phase 1b ridership comparisons of open shuttle spontaneous riders and number
of invited demonstration riders.
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7.2.3 Perceptions of safety

As comments from attendees to the Child Service Center Event indicate,
prospective riders fear the unknowns of an AV. After talking with many of
the attendees, the steward was able to alleviate their concerns. However, a
later experience by one of the safety stewards with an observer highlights
the challenges of making AV available to the broader public. According to
the steward, he had exited the Olli to allow a woman and her children off
the AV at the Commissary. An elderly man standing nearby asked, “Why
are you riding in that thing?” The uniforms of Local Motors consist of a t-
shirt with a small logo; therefore, it was not clear that the steward was ac-
tually monitoring the AV.

Because the Olli was somewhat ahead of schedule, the steward engaged in
conversation, telling the man that he was employed by Local Motors and
that he rode the vehicle to make sure that nothing went wrong. The retired
military commander asked, “Have you crashed into anyone yet?” When
the steward asked why the observer thought the AV would hit someone,
the man replied that the technology is being rushed without proper testing
and all people care about is getting the vehicle on the road to make money.
As the steward said,

I began explaining that this is a partnership between Local Motors and
the base to gather and provide data on how Olli operates with safety al-
ways being the number one priority, and that the vehicle is free to ride.
This debate between the two of us went on for five or so more minutes,
with him providing insight on why it can’t be as safe as advertised, and
me rebutting each claim with data points, explanations, and demonstra-
tions — as I've done many times before. He stopped bringing up his con-
cerns about Olli’s safety, which I took as a sign that he was reassured and
might hop on for a quick ride. It was time to leave as we were back on
schedule at this point so I asked if he would like to go for a ride that’ll
take no more than a couple of minutes, and drop him off back at the com-
missary. He waited a couple of seconds, looked at Olli then back at me,
and smiled. He then looked me in the eye and said, “Never,” and walked

off. (Personal Communication 13 September 2019).

One of the points of contention raised by the military retiree was that the
machine cannot take in all the information, process it, and then drive like
a human. The steward countered that Olli takes in more than enough in-
formation through all of its sensors, such as LiDAR, cameras, and GPS.
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Because the vehicle is operated by a computer, it can process all of the data
much better than a human being could sort through that information.
However, the prospective rider was clearly unconvinced.

The experiences of Olli riders and observers as posed through the survey
provides greater insight into whether a ride on the AV completely con-
vinces skeptics. There was a strong statistical significance between the
numbers of times someone had ridden Olli and whether they agreed that
the vehicle is safe. Passengers who had ridden the AV one to two times ei-
ther agreed or strongly agreed in the safety of the AV 83% of the time. Rid-
ers somewhat agreed it was safe 12.7% of the time, which was comparable
to those who had ridden it zero times (12.5%). However, of those who had
not ridden the machine — 10 times the number of passenger respondents —
34.4% neither agreed nor disagreed that it was safe (see Figure 50). Alt-
hough those people who have not ridden the Olli question its safety, the
perceptions of riders draw safety into even sharper focus regarding con-
cerns that the general public has with AVs.

Figure 50. Safety as perceived by participants depending on the number of times
they rode the AV.
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Examples of comments raised by riders who said they somewhat agreed
that Olli was safe include that it was “skittish” by not starting and stopping
smoothly, and “the vehicle did not slow down for two pedestrians who
were not in the crosswalk but were very near to the vehicle.” The theme of
the AV not stopping or slowing down for people or objects was raised mul-
tiple times in the open-ended question section of the survey. Examples in-
clude, “On the question about Olli avoiding traffic and other obstacles
without human intervention, it mostly did not do that—i.e., the operator
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had to intervene.” However, the passenger’s perception of how far away
Olli should stop when a pedestrian crosses in front of it depends on the
subjectivities of personal space.

The subjective nature of place and space is highlighted when our quantita-
tive analysis demonstrates that most riders thought the Olli was safe and
that it did stop without human intervention. However, the challenge of
dealing with subjective personal space must be addressed by AV producers
if they wish to see more acceptance of their vehicles on the roads. As one
respondent noted, “I’'m a bit more aggressive toward safety than Olli,”
highlighting the social nature of space, and how closeness affects percep-
tions of comfort and safety (McLaughlin 2016).

One example explicitly demonstrating the links between space, riders’ per-
ceptions of safety, and Olli’s operations was an incident involving a semi-
trailer backing across the road in the AV’s travel path. On 23 July, at
10:06:25 am, the safety steward pulled the emergency brake as the Olli
continued towards the truck crossing in front of it. The operator flagged
the incident so programmers could later examine the details,” and the
steward’s quick reaction had an impact on five out of nine passengers that
day, who later in their surveys only somewhat agreed that Olli was safe.
One passenger wrote that, “Olli failed to detect semi-trailer entering the
roadway, which required human intervention to avoid collision.” The per-
ception was the AV did not “detect” the object, yet the programmers dis-
covered the AV would have stopped before colliding with the tractor-
trailer. Both the safety steward and the passenger (reading the operator’s
takeover) reacted because they did not think Olli was going to stop.

Although it is better to be safe, reacting before the software can engage is
common in current autonomous operations. Previous research discovered
unnecessary autonomous interruptions using simulations with two different
vehicles where passengers could interrupt the AV, one with a steering wheel
and brake pedal, and the other with a red stop button. Before the passengers
started the simulation, they took a survey that indicated more people
trusted and had less anxiety in vehicle with traditional controls. However,
they were also more likely to intervene in the autonomy when seated behind

* Unlike the above mentioned courtesy stops, this takeover indicated the safety steward did not think it
would stop as he flagged the incident for the programmers to examine. One of the concerns leading
him to question the AV’s continued forward trajectory might have been the recent rain (see p 49), as
puddles and rain on the sensors sometimes interfered with incoming data.
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the traditional controls, rather than when they just had the red disengage
button. This demonstrated that passengers on AVs were more likely to in-
tervene in AV operations when seated behind familiar controls, though they
had less trust in the autonomy when faced with only the disengage button
(Schaefer and Straub 2016). The implications for our example of the back-
ing tractor-trailer is that in high risk environments (e.g., the open road),
both AV operators and observers err on the side of caution. If there had
been more vehicle-to-safety steward communication indicating that Olli was
going to stop, the operator could have allowed the machine to halt on its
own. The passengers would have also seen the vehicle deal with the obstacle
on its own, thereby raising their perceptions of safety.

As mentioned above, riders commented on the safety steward taking con-
trol to avoid traffic and other obstacles. Their observations included what
occurred within the vehicle, and what was happening in the broader oper-
ational environment. Driving requires interaction with other people be-
yond just following rules of the road, whether that includes waving for
someone to go, and thereby yielding the right of way, or just making eye
contact to confirm the other driver has seen you before making a turn. The
social dimensions of roadway communication must be addressed by AV
producers. Other driver and AV interactions are discussed, but a polite
safety steward’s actions highlights the “courtesy problem.”

While one CERL researcher was riding Olli, he noticed the safety steward
pulling the emergency brake farther away from a crosswalk as pedestrians
were crossing or getting ready to cross. After asking the steward about it,
he replied, “There are many times where I pull the emergency brake early,
though I know Olli will stop. That is to give people [pedestrians crossing in
front of the AV] their space so Olli does not scare them by getting too close
before stopping.”” In survey comments, one passenger directly addressed
this by stating, “[ Regarding] Question # 18: Manual stop for pedestrians in
crosswalk.” Ironically, the manual stopping early for people in crosswalks
by one safety steward was out of politeness, but it had the effect of reduc-
ing the AV’s riders trust in Olli—even though it may have raised non-riders
trust in the machine.

Straub and Schaefer (2019) discuss the “courtesy problem” as the social
rules of the road, often enacted through local cultural understandings of
etiquette using nonverbal signals to yield or forecast intentions. These

* personal communication 13 September 2019.
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capabilities are human interactions that rely on waving someone through
an intersection, activities we often saw the safety steward perform, but Olli
is incapable of performing with only its left and right turn blinkers. As one
rider noted, “[Olli] needs the ability to understand human behavior in
other vehicles.” Robotic mastery of informal communication will be criti-
cal for the success of AV, and researchers are currently working on AV “In-
tention Indicators” (Vinkhuyzen and Cefkin 2016), but even the most suc-
cessful machine-human interactions can be perceived negatively
(McLaughlin 2016, pp 48-51).

7.2.4 Unsafe conditions from other drivers

As one safety steward noted, “Olli is programmed to operate like a student
driver—very conservatively.” This places the riders’ and non-riders’ mostly
positive perceptions about safety in context: with negative views only
standing at 13% of participants somewhat agreeing and 12.3% either neu-
tral or disagreeing that the AV is safe. Riders noticed and commented on
its 12-mph movement saying, it “needs increased speed,” and “higher
speed.” Non-riders also observed its low-speed operations, saying it needs
to move faster (N=2), and that it should provide “knowledge for other ve-
hicles to know how long the vehicle stops, and when it will move again.”
The remarks by observers indicate the slowness, and a lack of vehicular
communication, with 25.3% of non-rider respondents saying Olli was a
purported safety hazard. Other drivers did not help the situation.

Some motorists took advantage of the autonomy, knowing the vehicle would
stop when they cut it off. This occurred numerous times, as captured on the
Olli-mounted video cameras, and as also documented by both the VDOT’s
and CERL riders. One researcher observed Olli stopping at a three-way in-
tersection, and after starting again, being cut off by a vehicle that quickly
turned in front of it. This was then followed by another vehicle from the
same direction turning in front of it before it was able to start (see Figures
51 and 52). The conservative nature of the autonomous low-speed shuttles’
programming has been mentioned by other authors (Eliot 2017) and was
noted before the Olli pilot began at Joint Base Meyer-Henderson Hall.
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Figure 51. Olli stopped before the stop sign, then proceeded, and was cut off by this
vehicle. It stopped right before the pedestrian crosswalk and a red jeep is seen at the
stop sign to the right.

Figure 52. The AV started driving (note it is now in the crosswalk) and the jeep cut it off. Both
this and the above image are from Olli video screen captures.
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When discussing other AV pilots, one Robotics Research engineer told us
that drunk people would jump in front of the AV to see if it would stop
during a separate Olli deployment in Adelaide, Australia.” Removing the
problems of a lack of self-preservation from the equation, our research
demonstrates that once people learn an AV will stop for them, some will
take advantage of the situation (cf. Eliot 2018). Unfortunately, broadcast-
ing the intentions of the machine more clearly might also result in more
people taking advantage of the autonomous system.

It is ironic that, even though potential AV consumers show a mistrust of
the technology and producers call for more communication tools (e.g.,
Blanco 2018, Cefkin 2020), broadcasting outward indicators of the vehi-
cle’s intention may result in more people taking advantage of it. Local Mo-
tors, ERDC, and the VDOT researchers all raised concerns about drivers
passing Olli during stops. The VDOT and Local Motors recommended edu-
cating the police to have them aggressively enforce the rules of the road,
but no citations related to Olli interactions were documented.

7.2.5 First and last mile transportation options

Due to military security measures, many people who live off base either
drive to work, travel via public transit, or take a taxi/commercial ride
share. Those traveling by private vehicle park on base, but others must dis-
embark from their transit option at the gate, go through security, and then
walk to their work location. This last mile of foot traffic is especially preva-
lent for Service members, who often own only one vehicle per household.
The first and last mile challenge is a concern for the VDOT.*

The need for a quick ride during the first mile when leaving the base, and
the last mile when entering for local transportation options was consist-
ently raised by both passengers and observers during the Olli pilot. The
non-passengers (11.7% of them) said they wanted more stops, had requests
for stops at a specific location, or wanted the AV to run more hours. Addi-
tionally, respondents asked researchers whether the vehicle would be op-
erating during the winter, and if stops would be expanded to one of the
other gates, indicating that people were interested in riding if the shuttle
was convenient and addressed their specific needs.

* Personal communication, 29 May 2019.
T Personal communication 28 January 2020.
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7.3

Riders mentioned their trust in the safety of the vehicle, and also described
how expanded routes could better serve the on base population. Passengers
requested that the Olli run in both directions, rather than drive to one end
of the base and then return to the other by a different route (see Figure 53).
This circular track did not follow the same path in both directions. The
route prompted one transit user who wanted to continue riding regularly
from the base entrance to work, to ask, “How do I take a return trip down
the hill?” Another passenger recommended that, “One vehicle could operate
on half the route, while the other vehicle operating on the second half allow-
ing transfers to make the return quicker and more efficient.”

Other people’s comments demonstrating interest in the shuttle for solving
the first and last mile challenge included requests for on-demand rides,
and requests for both wheelchair and bicycle access. Even with only two
shuttles, there was some overlap at the middle of the route, so one re-
searcher was easily able to travel from one end of the base to the South
Gate, get lunch, and then return only 20 minutes later. However, with
most of the deployment — 11 out of 14 weeks — only operating during a
2-hour lunch period, the first and last mile possibilities were not tested to
any focused degree.

Results and recommendations

The following recommendations and key results are based on the human
factors LOE.

Future AV pilots should determine transportation goals, user origin/desti-
nation, and mobility patterns before implementation. Overall ridership was
much lower than expected but this may be attributed to the limited duration
of deployment, lack of advance marketing or advertising in multiple venues,
and the challenges in changing human habits and behavior. The lower trust
in the vehicle by non-riders indicates that one solution to overcome hesi-
tance in using the technology is to make shuttle service convenient and well-
advertised, so more ridership creates a groundswell of viral marketing.

Future researchers should continue to analyze how trust is gained through
the use of new technology. This can be done with short pre-ride and post-
ride surveys, asking about levels of trust before and after the use of the AV.
Detecting before and after ridership perceptions on the safety of the AV
would allow insight into the differences between participants’ experience,
whether riding or not.
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The issue of allowing the AV to do its job without safety steward interfer-
ence is complicated. If the employee intervenes too often, then passengers
get the impression the machine is unsafe. Yet, the programming of the Olli
to halt well before crosswalks and the stop line results in more drivers cut-
ting off the AV, which slows the shuttle, making an uneven ride. If the ma-
chine continues to be programmed conservatively for safety, then the laws
must also be upheld, which would mean local police should cite infractions
for other drivers passing and cutting off the AV.

Clear communications are crucial to encourage widespread ridership; this
should especially include continuous public engagement beyond initial
media press release, e.g., through the use of social media, QR code, sand-
wich boards, flyers, newspaper ads, etc. Even better is to partner with the
tools that potential riders already use for receiving AV shuttle information
(e.g., “Rider” app, “Transit” app, “Google Trip Planner”, etc.). Additionally,
when the vehicle is in “research” mode (whether the vehicle is being driven
to map the route before operations, or is only accepting invited ridership),
the display on the vehicle and signs should state when the general public
will be able to start riding. We also recommend that safety operators and
research team wear uniforms that clearly mark them as people in an offi-
cial capacity who can provide information to prospective riders.
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8.1

Program Integration and Mission
Assurance

Research focus and methods

“Program integration” refers to the synchronization and arrangement of
plans and actions to engage as a whole. Program integration serves as the
resource and knowledge integrator to both contextualize and refine, and
generalize and expand on the results of this research project to take the
greater DoD perspective, and to apply those results to achieve broader na-
tional security objectives and to serve the needs of related missions. Mis-
sion readiness and mission assurance concepts provide the research focus
through which program integration is assessed.

This chapter examines resilience impacts and implications of the project
through the lens of mission assurance and mission readiness. The DoD op-
erationalized resilience through formal national policies on mission assur-
ance beginning in 2016. These polices are dynamic and mission readiness
at the unit level is integrated into the various areas of the mission assur-
ance framework. Mission Assurance (MA) is a process to protect or ensure
the continued function and resilience of capabilities and assets critical to
the performance of DoD Mission-Essential Functions (MEFs) in any oper-
ating environment or condition (DoDD 3020.40 Mission Assurance 2016;
DoDI 3020.45 MA Construct 2018). The research team employed observa-
tions and surveys to evaluate the AV project process and outcomes related
to mission assurance from the two Olli vehicles at JBM-HH.

The methodology and findings in this chapter are a synthesis of the pilot
study results as well as specific interviews conducted on 18 September
2019 at JBM-HH with representatives from the PAIO/NEC. These offices
were the primary leads and points of contact and integrators for the instal-
lation from April to October of 2019 and had direct knowledge of all facets
of the AV pilot operating on the installation. These findings incorporate
candid feedback using the 17 areas of mission assurance that DoD has es-
tablished related to resilience. These 17 activities are assessed in relation
to how they ensure and protect MEFs for the installation. Information was
solicited by asking the following key question in each MA area: “How did
the Autonomous Vehicle Pilot impact (insert MA area)?”
with follow up questions and discussion based on the answers.
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8.2

Mission assurance areas and findings
8.2.1 Adaptive planning

The working definition for adaptive planning in the context of this tech-
nical report is

the time-sensitive development of joint operation plans and operation orders
for the deployment, employment, and sustainment of assigned and allocated

forces and resources in response to an imminent crisis (HQDA 2018).

This definition applies Army crisis action planning at the installation com-
mand level where operational flexibility is needed. Adaptive planning is
also implied in the concept of mission command that uses mission orders
to empower adaptive and agile leaders with the ability to conduct opera-
tions even amid uncertainty.

The project team made changes to the employment of the AVs and the al-
location of the provided transportation services periodically due to initial
uncertainties. Before the AV arrived on JBM-HH, the installation was
forced to think outside normal operations to consider autonomous tech-
nologies that fed into adaptive planning. While subjectively not rising to
the level of crisis action planning, quick adjustments were made to the
original plans using expedited decision-making aligned with the JBM-HH
adaptive planning process. Examples include the adjustment to times and
routes of the AV based on reduced battery life in the first weeks of opera-
tion, safety concerns with high volumes of traffic congestion during the
morning and afternoon peak times, and survey results related to when and
where riders wanted to go after the first 3 weeks of operation. Lunch hour
was ultimately targeted to accommodate travel to food vendors, and be-
cause traffic levels were reduced from the morning and afternoon rush
hours. This adjusted time of transportation services by the AVs still al-
lowed substantive observation of AV interactions. As new food options be-
come available, anticipated food routes may need reviewed again to ex-
pand from current drop-offs at Panda Express, Subway, and Starbucks.

The adaptive planning was done within the S6 and PAIO, staffed and ap-
proved by the installation commander when appropriate, and then pushed
out to others for implementation. One example went even higher than the
installation commander when a request from the Chairman of the Joint
Chiefs of Staff (CJCS) and White House was received to use the AVs for the
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General Milley change of responsibility ceremony to become the new CJCS
that occurred on JBM-HH on 30 September 2019. The planned route was
to accommodate AV passengers from the Hatfield Gate to the parade field.
While a plan to use the AVs for this event were made, inclement weather
ultimately canceled AV use for the event.

Adaptive planning considerations required JBM-HH staff to think through
leveraging AVs during a crisis event to continue MEFs. Some ideas generated
will be discussed in the following MA areas; however, due to the temporary
nature of the AV pilot, incorporation of AVs into formal installation adaptive
planning to identify related critical tasks, assets, and systems did not occur.

8.2.2 Anti-terrorism (AT)

AT is defined as defensive measures used to reduce the vulnerability of in-
dividuals and property to terrorist acts, to include rapid containment by
local military and civilian forces (JP 3-07.2). AT considerations included
physical, operational, and cybersecurity threats. Cybersecurity is discussed
under MA area #6 in this report. MA area #13, insider threat, of this report
also includes physical and operational security concerns identified specific
to that area. Terrorist acts related to AVs on installations could include
physical or cyber-attack of the AV, AV related systems, or people onboard;
physical attack using the AV to damage personnel or property; using the
AV as a delivery system for an explosive or other hazardous device; or any
combination of these. These concerns were addressed by ongoing AT
measures and Force Protection Conditions (FPCONSs) used by the installa-
tion in accordance with contemporary threat assessments at both the local
and global levels. JBM-HH made no specific AT policies or amendments to
existing policies and procedures as a result of the AV pilot, largely because
the AV operated only within the installation boundary and security perim-
eter fence. If an AV were to begin transportation service that continually
went on and off the installation carrying passengers from other publicly
accessible and non-secure areas, a review of the entry control point proce-
dures would be conducted and adjustments made with AT considerations
guided by the specific technology and ridership characteristics.

8.2.3 Chemical, biological, radiological, and nuclear (CBRN) survivability

CBRN defense is defined as measures taken to minimize or negate the vul-
nerabilities to, and/or effects of, a chemical, biological, radiological, or nu-
clear hazard or incident (JP 3-11). CBRN survivability includes all aspects of
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protecting personnel, weapons, and supplies from such an incident while
still performing required missions. The AV was not considered to be CBRN
survivable unless it was equipped with extensive monitoring, hardening,
and air filtering technologies that would go beyond the scope of this project.

8.2.4 Chemical, biological, radiological, nuclear, and explosive (CBRNE)
preparedness

CBRNE preparedness includes having plans, policies, procedures, training,
and equipment necessary to effectively respond to CBRNE incidents. No
CBRNE preparedness adjustments resulted from the AV project. Future
potential to equip AVs with CBRNE detection capability that would use the
AV as a mobile detection platform for early warning was noted.

8.2.5 Continuity of operations (COOP)

COOP is defined as uninterrupted performance; or the degree or state of be-
ing continuous in the conduct of functions, tasks, or duties necessary to ac-
complish a military action or mission (JP 3-0, ADRP 4.0). The AV was not
incorporated into the installation COOP plan due to its limited duration.
JBM-HH would not integrate transportation such as the AV into the COOP
until completion of a 9-month minimum duration of service or activity, and
policy or procedure integration into the installation’s fleet management.

8.2.6 Cybersecurity

Cybersecurity is defined as actions taken within protected cyberspace to
prevent unauthorized access to, exploitation of, or damage to computers,
electronic communications systems, and other information technology, in-
cluding platform information technology, as well as the information con-
tained therein, to ensure its availability, integrity, authentication, confiden-
tiality, and nonrepudiation (JP 3-12). Cybersecurity was an initial high level
of concern for the project as a key component of the contract was to provide
the AV data to ERDC. However, due to the insulated nature of the AV opera-
tion with no dynamic transmission or reception of data while operating on
JBM-HH, this concern was minimal. The hard drive located in the interior
roof of the AV was taken to an off-installation location periodically and the
sensor data was uploaded via a high-speed connection to the ERDC govern-
ment cloud storage site. Data integrity and authentication before upload
into the ERDC government cloud storage relied on the contractor. It is an-
ticipated that future AV pilots will include 5G networks with both edge and



ERDC/CERL TR-20-9 110

cloud computing and integrated data analytics. These advanced and inte-
grated systems that inform real-time decision-making will have additional
cybersecurity concerns that require a more robust cyber vulnerability as-
sessment to protect data and an intentional data architecture. For hardware
security, a Security Technical Implementation Guide for AVs on installa-
tions is needed to specify prudent actions and hardening options. For soft-
ware and data, a security classification guide is needed to specify appropri-
ate levels of data classification and the associated data storage, transmis-
sion, protection, sharing, and handling responsibilities for data that is col-
lected by AVs. ERDC’s ongoing effort to develop these guides is using a pro-
cess that is informed by past and current AV pilots.

8.2.7 Defense Critical Infrastructure (DCI)

DCI is defined as Department of Defense and non-Department of Defense
networked assets and facilities essential to project, support, and sustain
military forces and operations worldwide (JP 3-27). Key references for the
DCI program include:

e Presidential Policy Directive (PPD) —21 Critical Infrastructure Security
and Resilience (White House 2013).

e National Infrastructure Protection Plan (DHS 2013).

e Department of Defense Directive 3020.40, Mission Assurance (DoD
2016).

e Department of Defense Instruction 3020.45, Mission Assurance Con-
struct (DoD 2018).

e DCI LOE Security Classification Guide (cf. DoD 2018).

e Army Regulation (AR) 525-2, Army Protection Program (HQDA 2014).

e AR 525-26, Critical Infrastructure Risk Management (Army) (HQDA
2004).

e HQDA EXORD 070-18 FY 2018 Critical Infrastructure Risk Manage-
ment (CIRM) FY17 All Hazards Risk Assessments (March 18).

DCI did not impact, nor was impacted by the AV project. Figure 54, “MA
Identification Process Relationships,” displays the process of how DCI as-
sets are identified at the strategic, operational, and tactical levels. As AVs
on installations become more prevalent, appropriate echelons should in-
corporate the system and network requirements outlined into their own
MA process.
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Figure 54. Mission assurance identification process relationships.
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8.2.8 Defense Security Enterprise (DSE)

DSE is defined as the organizations, infrastructure, and measures (to in-
clude policies, processes, procedures, and products) in place to safeguard
DoD personnel, information, operations, resources, technologies, and fa-
cilities against harm, loss, or hostile acts and influences. This system of
systems comprises personnel, physical, industrial, information, and opera-
tions security, as well as SAP security policy, critical program information
protection policy, and security training. It addresses, as part of infor-
mation security, classified information, including sensitive compart-
mented information, and controlled unclassified information. It aligns
with counterintelligence, information assurance, foreign disclosure, secu-
rity cooperation, technology transfer, export control, cybersecurity, nu-
clear physical security, chemical and biological agent security, AT, force
protection, and mission assurance policy and is informed by other security
related efforts (DoDD 5200.43). The comprehensive DSE policy and
framework provides for the alignment, synchronization, support, and inte-
gration of related security functions.
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DSE is at the department and agency levels and did not apply directly to
the AV project at JBM-HH. It was noted that AV sensors can feed into ad-
vanced data analytics for installation operations centers to increase situa-
tional awareness for both short term base operations and long-term infra-
structure management and decision-making processes that impact the
DSE. Any future program executive office related to AVs on military instal-
lations should integrate DSE considerations.

8.2.9 Emergency management

Emergency management is a subset of incident management and concerns
the coordination and integration of activities that are necessary to build,
sustain, and improve the capability to prepare for, protect against, respond,
recover from, or mitigate threatened or actual natural disaster, acts of ter-
rorism, or other manmade disasters (ADRP 1-02). MA area #2 related to AT
addresses many of the concerns in this area. JBM-HH Emergency Services
personnel did some limited training on the AV. Additionally, the AV con-
tractor provided an overview of the vehicle, onboard hazards, related sys-
tems, and recommended emergency, fire, and evacuation procedures.

8.2.10 Energy resilience

Energy resilience is defined as the ability to prepare for and recover from
energy disruptions that impact mission assurance on military installations
(DoDI 4070.11). No installation=wide power disruptions occurred during
the project. Future energy resilience considerations include integrating elec-
tric-powered AVs into the installation microgrid and updating Installation
Energy and Water Plans (IEWPs) to include the load demand (for charging
AVs) and potential mobile energy sources of AVs to power critical systems.

8.2.11 Fire prevention and protection

Fire prevention and protection is protecting the U.S. homeland and critical
bases of operation through preventive risk management, education, emer-
gency response, and risk communication as they relate to fire (DoDI
6055.17). No further consideration for Fire Prevention and Protection be-
yond what is under MA area #9, Emergency Management, were consid-
ered for the AV project.
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8.2.12 Force health protection

Force health protection is defined as all measures taken by commanders,
supervisors, individual Service members, and the MHS to promote, pro-
tect, improve, conserve, and restore the mental and physical wellbeing of
Service members across the range of military activities and operations.
These measures enable the fielding of a healthy and fit force, prevention of
injuries and illness and protection of the force from health hazards, and
provision of medical and rehabilitative care to those who become sick or
injured anywhere in the world (DoDD 6055.17).

One of the AV fixed route stop locations was at the installation medical
clinic (Andrew Raider Clinic) to enhance the provision of medical and re-
habilitative care through transportation options. An injured person who
stated she had a broken leg was observed riding the AV along with one of
her children. She was not in a wheel chair and was able to climb aboard
the AV without the use of a ramp or any assistive devices or aid by the
safety steward. ADA accessibility was a key concern for the regional trans-
portation planner and the next version of the AV is planned to have a fully
deployable wheel chair ramp for accommodation. The installation noted
that finding ADA accessible vehicles can be a challenge and may be a niche
transportation need that AVs can provide in the future. No accidents with
property damage or personal injuries occurred during the AV pilot. Thus,
the AV was perceived to improve overall force health protection.

8.2.13 Insider threat

An insider threat is defined as a person who uses their authorized access to
Department of Defense facilities, systems, equipment, information or infra-
structure to damage, disrupt operations, commit espionage on behalf of a
foreign intelligence entity or support international terrorist organizations
(JP 1-02, ADRP 2-0). A primary concern for insider threats is related to the
safety stewards who were granted access to the installation and had physical
and operational control over the AV and access to facilities for vehicle
charging, maintenance, and a work station for data upload. Safety stewards
went through a screening process as is done for other contractors gaining
access to the installation. The contractor used a veterans-preference in hir-
ing and selecting the fleet manager and safety stewards that worked on
JBM-HH. Traceability for data access, storage, and tampering for the AV
data is desired but was not available to the project team until the data were
ultimately stored in the ERDC government cloud storage site.
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Recommendations for future projects to mitigate insider threat include re-
quiring the contracted fleet manager to acquire a DoD CAC, conducting in-
terviews on the installation that would prove accessibility before hiring or
training on the technology, allowing adequate time for background checks
and training, and sending reports or data in an encrypted format.

8.2.14 Law enforcement

Law enforcement is defined as policing and performing associated law en-
forcement activities to control and protect populations and resources to fa-
cilitate the existence of a lawful and orderly environment (ADRP 1-02).
Law enforcement impact was minimal as no incident responses related to
the AV operation occurred during the project. Law enforcement efforts fo-
cused on traffic rules and speed enforcement along the route, but no tick-
ets were issued that were directly attributed to the AV project. Some ag-
gressive driver behavior, passing, and cutting through parking areas to
avoid the AV apparently due to its slower speed were observed. Other ob-
servers noted that drivers appeared to learn the conservative behavior of
the AV, and then take advantage by cutting off the AV or going ahead of
turn at intersections knowing the AV would yield.

8.2.15 Munitions operations risk management

Munitions operations and risk management implements the Explosives
Safety and Munitions Risk Management (ESMRM) Policy of DoDD
6055.09E. The policy priorities are to protect people and property from
the unintentional, potentially-damaging effects of DoD military munitions;
expose only the minimum number of people for the minimum time to the
minimum amount of military munitions required to safely and effectively
execute the mission; provide for the explosives and chemical agent safety
of DoD military munitions throughout the munition’s life cycle as a DoD
military munition and without regard to its location; and require DoD
components to implement and maintain an effective explosives safety
management program. Munitions operations were not impacted by the AV
project on JBM-HH. Future consideration of AVs to enhance the safety of
munitions operations by minimizing exposure of people to munitions may
become a compelling use-case to develop.
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8.2.16 Operational energy

Operational energy is defined as the energy required for training, moving,
and sustaining military forces and weapons platforms for military opera-
tions. The term includes energy used by power systems, generators, logis-
tics assets, and weapons platforms employed by military forces during
training and in the field. Operational energy does not include the energy
consumed by facilities on permanent DoD installations, with the exception
of installations or missions supporting military operations. Operational
energy does not include the fuel consumed by non-tactical vehicles (DoD
Directive 5134.15). No further impacts other than those already docu-
mented in MA#10, energy resilience, were noted specific to operational
energy as related to the project.

8.2.17 Readiness reporting

Readiness is defined as the ability of military forces to fight and meet the
demands of assigned missions (JP 1). The Defense Readiness Reporting
System (DRRS), as outlined in DoDD 7730.65, provides a means to man-
age and report the readiness of the DoD and its subordinate components
to execute the National Military Strategy (NMS) to both the President and
Congress, and to identify high and significant risks. The AV project did not
directly impact readiness reporting for JBM-HH. However, it is antici-
pated that future AV integration to installations will have impacts on in-
stallation status reporting within the DRRS framework related to areas of
infrastructure, services, and mission capabilities.

Way forward

The program integration LOE is an ongoing effort that explores how the
application of AVs on installations impacts mission readiness and mission
assurance in their function as strategic staging areas under MDO and in
the joint/interagency environment. AVs demonstrated a potential to im-
pact each of the MAs if an enduring and compelling use-case and support-
ing infrastructure is developed. Unmanned transportation services for per-
sonnel or supplies during a pandemic is one such use-case that can en-
hance mission assurance across DoD and varied mission sets. AV technol-
ogies present opportunities to improve mission readiness/mission assur-
ance and inform decision-makers at installations, as well as leverage re-
gional planning approaches that extend into the military installation
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community where much of the national and generating forces and their
families live and work.

The JBM-HH project is planned to expand into the surrounding commu-
nity through cooperative efforts with state and local governments of the
NVRC pending funds availability. A “way forward” matrix is proposed (Ta-
ble 5) that identifies strategic future smart bases and AV pilot locations
with known interest in future development, along with their unique geog-
raphy/climates, academic partners, and joint force mission sets for a pro-
posed structured R&D framework that builds on this foundational project.
An adequate sample of field sites and AV technologies is required before
the lessons learned from this single case study can be integrated into for-
malized installation policy or regulation.

Table 5. Proposed “Way Forward” to investigate AV and smart base technologies.

Joint Base Myer-
Henderson Hall &
Pentagon,
Virginia

Ft Carson,
Colorado

Miramar Marine
Corps Air Station,
Naval Base San
Diego

Ft Leonard
Wood, Missouri

Redstone
Arsenal, Alabama

Ft Benning,
Georgia

Rantoul and
Champaign, IL

Urban environment, Atlantic
coast, four seasons

Mountains and high plains,
high altitudes, four seasons

Desert and low mountains,
Southwest temperate and
Pacific coast

Woodland, Midwest four
seasons

South-east region, low
altitude, high heat and
humidity

South-east region, varied
terrain, high heat and
humidity

Midwest plains, four
seasons, intermodal
transportation

George Mason University and
Virginia Tech

University of Colorado - Boulder

University of California — San
Diego

Missouri University of Science
and Technology

University of Alabama

Georgia Tech University

University of lllinois

Washington DC
headquarters support

Combat Deployment: 4t
Infantry Division (5
brigades)

Combat Deployment:
Marine Air Wing
National Force: Shipyard
and Naval Support Group

Institutional Training: Basic,
Driver, Convoy, Engineer

Sustainment: Army Materiel
Command

Combat Deployment and
Institutional Training

Smart Installation and
Autonomy Research
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8.4

Results and recommendations

The program integration LOE that examined the elements of mission as-
surance and explored broader implications to the joint and interagency en-
vironment produced the following results and recommendations.

e Mission assurance impacts were examined through the 17 mission as-
surance areas that DoD has used to operationalize resilience. AVs
demonstrated a potential to impact each of these areas if an enduring
and compelling use-case and supporting infrastructure is developed.
Unmanned transportation services for personnel or supplies during a
pandemic is one such use-case that can enhance mission assurance
across DoD and varied mission sets.

e AV technologies present opportunities to improve mission readi-
ness/mission assurance and inform decision-makers at installations, as
well as to leverage regional planning approaches that extend into the
military installation community where much of the national and gener-
ating forces and their families live and work.

e ERDC is collaborating with current Army Futures Command-CCDC
Ground Vehicle Systems Center robotics and Army Futures Command
(AFC) Sustainment efforts. Findings of this project are being fully inte-
grated with ERDC Robotics Engineer Operations for combat engineer-
ing tasks and the Fort Leonard Wood Contingency Base Technology
Engineering Center AV test-bed.

e Joint integration of the project is demonstrated by follow-on research
of an AV installation deployment that is planned for Marine Corps Air
Station Miramar beginning in 2020, with potential to expand to Naval
Base San Diego. Consultation with Joint Base Andrews is ongoing for
Air Force AV deployment contract development and energy analysis.

e The results from this project were shared at the kickoff meeting for the
Fort Carson, Colorado AV deployment and research project for ERDC
that builds on JBM-HH. The policy and planning implications captured
are shaping that effort and will be reported to Congress to inform de-
velopment of military installation guidelines for smart installations and
AV technology in the future.

e Multiple academic institution partnerships have resulted from this pro-
ject. ERDC has completed an Educational Partnership Agreement and
Cooperative Research and Development Agreement with George Ma-
son University anticipating JBM-HH Phase 2, and several other uni-
versity agreements are pending for related projects.
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e The JBM-HH project is planned to expand into the surrounding com-
munity through cooperative efforts with state and local governments of
the NVRC, pending funds availability.

e This research built on previous ARL and TARDEC ARIBO program for
wounded warriors at Fort Bragg from 2015-2018.

e A “way forward” matrix is proposed that identifies strategic future
smart bases and AV pilot locations, geography/climates, academic
partners, and joint force mission sets for a structured R&D framework
that builds on this foundational project.
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9.1

9.2

Conclusions

Project summary

This project was a joint collaboration of the Army, Marine Corps, and in-
dustry elements to plan, develop, demonstrate, and employ AV technolo-
gies at Joint Base Myer-Henderson Hall (JBM-HH) for a 9o-day pilot
study from 19 June to 27 September 2019 to evaluate the commercially-
available Olli AV and to assess the potential to enhance mission assurance
and readiness, reduce base operating costs, improve safety and quality of
life for military Service members and their families, and provide transpor-
tation services more efficiently and effectively. Successful performance on
JBM-HH during this time frame offers expansion into the surrounding
community through cooperative efforts with state and local governments
of the NVRC. This project advances past research and will enhance instal-
lation understanding of the process, infrastructure, human factors, and
data systems involved in AV deployments to leverage it for internal optimi-
zation and protect it from external exploitation.

Impact

e People: Over 379 Service members, families, and guests at JBM-HH
had the opportunity to ride the Olli AV, with many more interactions
occurring while using the base transportation system. Over 107 surveys
were gathered for feedback on their experiences during the 9o-day de-
ployment.

e Product: AVs provided shuttle service along the main routes of JBM-
HH in a circular pattern from Wright Gate to South Gate during a
2-hour lunch period on weekdays over 7 weeks and for special events
throughout the 9o-day pilot. Data from AV sensors including LiDAR, ra-
dar, cameras, and vehicle telemetry of 92,092 files at 6 terabytes were
transferred to a secure Federal government cloud storage for future data
mining and analysis. Vehicle control unit and telemetry data were evalu-
ated as part of an energy consumption study with a comparative analysis
of the battery management system data, the vehicle operational limits,
and the existing GSA fleet diesel powered vehicle used as a shuttle.

e Policy: The successful deployment of AV technology on JBM-HH
proved viability within constraints and sets the stage for Phases 2 and 3
within the surrounding community and the Northern Virginia Region
to further answer remaining research questions. The current
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immaturity of fully AV technology limits wide deployment on military
installations. Lessons learned are shaping the current planning and de-
velopment of a Fort Carson, Colorado AV deployment and research
projects for ERDC. The policy and planning implications captured will
be published with other AV case studies and will inform development
of military installation guidelines for AV technology in the future.
Partnership: The JBM-HH pilot enhanced Federal, state, local, aca-
demic, and commercial sector cooperation and learning about AVs
through weekly stakeholder synchronization meetings during the
90-day pilot, an educational partnership agreement between ERDC
and George Mason University, over 25 special AV events, and open in-
vitations for government agencies and the public to experience the
JBM-HH pilot. Partnering to demonstrate AV viability at JBM-HH
while conducting research to quantify mission readiness impacts,
transportation system requirements and effects, and cost savings of the
technology introduced new relationships with several universities,
USDOT, DHS, AASHTO, Cooperative Automated Transportation Coali-
tion, and various industry AV manufacturers and providers.

Key milestones reached

4 April 2019: JBM-HH announced to be National Capital Region Local
Motors Olli Fleet Challenge location for AV pilot.

16 June 2019: The Federal acquisition process completed with award of
sole-source, firm fixed price contract to Local Motors for data transfer
and process reporting during Phase 1. Two additional options included
in the contract will continue data transfer and process reporting during
Phase 2 and 3.

19 June 2019: JBM-HH Launch Event and Olli begins Phase 1a opera-
tions for invitational events. Launch event speakers include Cathy
McGhee, Director of Research and Innovation at the Office of the Vir-
ginia Secretary of Transportation; Jay Rogers, CEO and co-founder of
Local Motors; along with Army and Marine Corps leadership.

12 August 2019: Phase 1a completed with total of 16 events and 171 rid-
ers on Olli for 0.9-mile demonstration route. Phase 1b operations begin
along 4.4-mile fixed route from Wright Gate to South Gate of JBM-HH
with 14 stops and two Olli AVs from 1100-1300 hrs daily.

18 September 2019: Conducted afternoon roundtable at JBM-HH of all
stakeholders to document project outcomes related to mission assur-
ance and mission readiness, safety and quality of life, and transporta-
tion services and costs.
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27 September 2019: Phase 1b completed with total of 7 weeks (35 days)
of fixed route transportation service with over 450 miles traveled, 208
riders, 12 events, and 137 safety steward takeovers conducted.

Summatry of results and recommendations by LOE

9.4.1 Planning and policy

There were no safety incidences of personal injury for the duration of
the pilot. Olli errs on side of safety and comes to a full stop before any
potential issues arise. However, this behavior was disruptive to the ex-
isting traffic system, perceived by some as overly conservative, and re-
sulted in some drivers risking illegal maneuvers to avoid the AV as
noted in “human factors.” This identifies a trade-off between risk and
value, or risk and efficiency that requires more AV experience and tech-
nology development to determine policy.

Historically, the Federal government has approved commercial vehicle
types to operate on public roads at the level of the original equipment
manufacturer, while state governments have approved individual driv-
ers as operators and licensed specific vehicles. AVs combine these into
a single entity such that issues related to design, crashworthiness, li-
censing, and insurance are currently ill-defined and unstandardized.
Working with strategic partnerships like AASHTO, USDOT, states and
regional partners near installations on other pilots will inform this on-
going process so military installations can integrate with the latest in-
formation, regulations, and priorities.

A long-term transportation plan and study is needed to “right size” AV
fleet and supporting infrastructure to meet both system goals and user
objectives. This process was compressed into a very short time period
and done in reverse based on available AV fleet and time period for the
pilot study, but utilization of the transportation service was suboptimal.
Review current installation planning documents and policies demon-
strates a gap in addressing AVs. Developing a framework and guidance
for future planning practice related to vehicle and fleet management,
work force development, data sharing, security, legal, infrastructure
and rights of way, and installation development considerations will re-
quire additional AV pilots at more installations.

Engage with first responders and public safety officials in the planning
process. To ensure public safety, first responders and public safety offi-
cials (including police, fire, emergency medical services, and towing)
need to have ways to interact with AV during emergencies. Responders
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and safety officials will need information and training to safely interact
with AVs—including how to disable the vehicle, how to react if it is on
fire, and how to move the vehicle.

Relationships and roles within the stakeholder group need to be clear.
Participants ask things of others that they think are simple, but in prac-
tice may be easier said than done, or conversely, some hesitate to ask
for fear of generating an overburdening request.

Appropriate messaging, public engagement and education activities to
promote awareness, understanding, and acceptance of AVs, along with
an engaged champion for the effort contributes greatly to the success.
Ongoing communication to AV users and potential users with up-to-
date information is also key to education and engagement activities.
Workforce development impacted the project as key positions of fleet
manager and safety stewards were hired during the 9o-day pilot. Plan-
ning for workforce hiring, training, and integration with an ongoing AV
service will help in communication and delivery of services on time.

9.4.2 Infrastructure and Operations

The existing road and roadside infrastructure was adequate for AV de-
ployment with no major investments required to improve or change cur-
rent system at JBM-HH before the pilot. All roads were two-lane traffic
and all intersections were stop sign controlled. An RDK antenna was pro-
vided by the contractor and temporarily installed on top of a building dur-
ing the deployment to ensure GPS accuracy of the AV during operation.
Mapping and establishment of the base route took 3 weeks of AV onsite
preparation, and additional routes were not added later in the project
due to the cost and resources required to bring back the mapping team,
while the installation originally planned for only days to accomplish this
task. Consider if mapping can be done in advance or develop standards
and specifications for installation to deliver this to AV providers.

Traffic operations were sometimes impacted by the AV maximum speed
of 12 mph with queues forming behind the AV. Numerous shuttle stop lo-
cations and two-lane roads with curb and gutter on each side restricted
pull-out locations for the AV during fixed route operation restricting abil-
ity of other vehicles to pass the AV during loading/unloading of passen-
gers. Planned shuttle stops would preferably allow the AV to pull over and
stop for loading/unloading without impacting normal traffic operations.
Sufficient quantity, type, and location of electric-powered vehicle
charging stations is critical for infrastructure and fleet management
planning. One compatible and high-speed charger was available for the
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two Olli AVs on JBM-HH and this was purchased by the installation
before the project and located in the AV storage garage.

Operation of the AV was constrained by inclement weather and dark-
ness. Rain caused stopping of operations due to safety concerns over
sensor reliability and wheel slippage. Heating and air-conditioning
caused increased battery usage. Summertime operation was conducted
only in daylight hours, but cold weather and darkness would be ex-
pected to increase battery usage for heating and lighting.

Operation of AV was constrained by environmental conditions. Exam-
ples included “unlearned” scenarios of road construction, parked
buses, or incidents requiring off-tracking from geo-fenced and mapped
areas. Steeper grade of 7% from Wright Gate to Stop #3 increased bat-
tery usage, slowed the AV, and challenged its climbing and maneuver
capability. Navigating over steel spike security strips employed at both
Wright Gate and South Gate resulted in damage to one AV rendering it
inoperable for 1 week. Typical ground clearance of the Olli with passen-
gers was 4 in. and for military installation applications should be
higher and similar to standard highway automobiles.

The AV operations team required designated work space for team meet-
ings, vehicle and tool storage and maintenance, data download, and
standard office functions. The installation maintenance bay provided to
the AV team was mostly adequate for the pilot, except for data transmis-
sion that occurred offsite. Ideally, high-speed internet or 5G access along
with a more robust office setting sized for the AV fleet and team would
be incorporated into the AV parking and maintenance location.

9.4.3 Data Architecture and Cybersecurity

A standardized mechanism for indexing data from various sources of
AV technology systems is needed to establish a solid data architecture
and to allow common data queries and effective application of post-
processing methods and data analysis.

Data security for project was high; however, this was primarily due to
the self-containment of the AV system on the vehicle with no reliance on
any external network access. Although this was secure, it also resulted in
a lack of real-time data transfer. Data transfer into secure government
cloud storage occurred manually through periodic offloading via porta-
ble hard drives and overnight uploading with secure offsite internet con-
nections. Edge computing and real-time data were limited in this config-
uration. This highlights the trade-off between risk and value.
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Reliability of the AV was uncertain based on instances of hard reboot
requirements for the onboard system, which resulted in AV inoperabil-
ity. Apparent fragility of the technology stack and integration with the
AV sensor package demonstrated a need for continued development of
more robust and resilient data processing and technology systems.
Sharing data requires a specific intergovernmental agreement or mem-
orandum of understanding that entails a complex, extensive legal re-
view. Data sensitivity, privacy, ownership, stewardship, reporting, re-
strictions, and disclosure are all important considerations.

The AV fleet manager or a key person on the AV delivery team needs to
have CAC-access to the DoD network if they will interact with a DoD-
approved system. This was not required during this pilot but was noted
as important for future considerations and data sharing.

Developing and documenting physical, operational, communications,
and cybersecurity assessment protocols will require further research
studies and use-case applications with multiple AV technologies at var-
ied installation locations with diverse missions. Both the data environ-
ment and the applications require an integrated security approach that
is currently ill-defined in the 4G and 5G networks.

9.4.4 Data Analytics

AV sensors and technology are deployed to prioritize and optimize data
gathering and decision-making for vehicle maneuver and navigation.
Most of the Al and data integration software for this purpose are pro-
prietary products.

Raw sensor data from AV LiDAR and cameras were processed into video
feeds for visual assessments and review. This process, which requires
large data storage capacity for HD video files, was not done in real-time.
Video analysis of safety steward interventions proved challenging as
searching accurate time stamps for interventions and viewing various
sensor data to fully understand context was extremely time consuming.
ERDC developed a framework to count passengers onboard the AV
with acceptable reliability using AI and Cognitive Services.

ERDC attempted to use Cognitive Services to develop an Al framework
to determine queue length of vehicles behind the AV; however, the ex-
ternal camera location on the rear of the vehicle was too low to do so
with acceptable reliability. Further research is needed to determine if a
camera on top of the AV or remote sensing is feasible for real-time
queue detection.
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Data mining review by time/location for incidents involving safety
steward takeover of AV are possible. Integration of GPS or other loca-
tion data is essential for real-time data analytics.

Edge computing use-cases that are most beneficial to installations for
real-time analytics should drive future investment in AI and supple-
mentary sensor integration into current AV technology.

9.4.5 Energy and Economy

Battery drainage of the AV was higher than expected during operations
and is a constraint. While the average range for the AV specifications
was 20 miles for maximum load and 35 miles nominal, the realized
range was on the order of 16 to 19 miles, or approximately 55% of nom-
inal. A single fast AV charging station was installed on the military in-
stallation and was used to alternatively charge the two AVs.

The Olli has a maximum battery capacity of 18.5 kWh, but the fleet
manager’s protocol was to ensure that the charge stayed above 20% of
battery; thus if the vehicle did drop to 25%, the safety steward would
immediately drive the vehicle back to the charging station location to
ensure that the vehicle did not lose power in a manner or place that
was unsafe. This business practice should be considered in route selec-
tion, charger location, and overall planning.

Cost of operational energy for the AV ranged from $0.05 to $0.08/mile
driven; and $0.26 to $0.30/hr of operation during fixed route transpor-
tation service based on the current price at JBM-HH of $0.07/kWh. Ef-
ficiency of AV operation ranged from 0.69 kWh/mile to 1.14 kWh/mile.
Energy usage and consumption for AVs varies with context of operations
to include topography, temperature, vehicle and cargo weight, accelera-
tion/deceleration zones, and additional battery loads such as heat-
ing/air-conditioning, and frequency of opening and closing of doors.

A 10% loss in energy between the charging station power required and
the battery charge received was observed in the data. This is a reasona-
ble planning factor for converting operational energy demand to sup-
plied energy and cost.

Developing language for competitively bid AV mobility service should
consider energy requirements and performance and whether govern-
ment or contractor is responsible for each.

The datasets from the AV are disparate and difficult to integrate for
evaluation of energy use, miles driven, hours of operation, vehicle sta-
tus, and location in a time sequence that allows detailed econometric
analysis. Future data indexing and collection should consider this in
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the data architecture design stage for determining data collection fre-
quency, latency, and integration goals of the project.

Understanding the full range of data collected by the vehicle control
unit and battery management system is useful in developing use-cases
for AV sensor data and second-order benefits of AV deployments such
as condition assessments, facility monitoring, or emergency operations
notifications.

9.4.6 Human Factors

A 21-question survey was approved through IRB process for human
subject’s research with 154 surveys used for analysis of trust in auton-
omy, basic demographics, and perception of safety. Results show that
AVs provide a perceived value to the installation and are considered in-
telligent, but that subjects’ responses regarding comfort and trust were
mixed. Riding the AV tended to increase trust in the vehicle.

It is recommended to determine transportation goals, user origin/des-
tination, and mobility patterns before an extended AV implementation.
Overall ridership was much lower than expected, which may be at-
tributed to limited duration and extent of deployment, lack of advance
marketing or advertising, and challenge in changing human habits and
behavior. After posting flyers with operational times and locations in
more public spaces, there was an increase in ridership.

Survey results indicate that riders and non-riders want more transpor-
tation options on JBM-HH but achieving the “first and last mile” de-
mands of users is a challenge. A better outreach mechanism is needed
to inform people about the AV and its capabilities. It is recommended
to extend the transportation service to transit hubs and to expand ad-
vertising beyond traditional public affairs print media to include social
media, direct messaging through chain of command, and marketing to
key audiences.

Field observation determined low ridership for three primary reasons:
(1) Some people wanted to know when and where Olli was operating
and did not have that information; (2) Some people who had not rid-
den the vehicle did not think it was safe and did not realize the person
onboard was a safety steward who could intervene if needed; (3) Others
did not realize the Olli was available for rides after the mapping period
and did not know it was free of charge as most transportation in the DC
area has an associated cost.

Most riders thought Olli was safe and added value to the installation.
However, the use of safety stewards adds complexity to risks and
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riders’ safety perceptions. The project survey data did not detect before
and after perceptions of the safety of the AV, which highlights the op-
portunity for future research related to safety and how trust is gained
or lost through the use of technology.

The social nature of transportation adds complexity to AV and human
interaction. It will take time to build trust of an AV, and to overcome the
problem of discourteous behavior. Safety is impacted when nearby driv-
ers break the law, e.g., cross solid yellow lines, tailgate, pass illegally, etc.

9.4.7 Program Integration

Mission assurance impacts were examined through the 17 mission as-
surance areas that DoD has used to operationalize resilience. AVs
demonstrated a potential to impact each of these areas if an enduring
and compelling use-case and supporting infrastructure is developed.
Unmanned transportation services for personnel or supplies during a
pandemic is one such use-case that can enhance mission assurance
across DoD and varied mission sets.

AV technologies present opportunities to improve mission readi-
ness/mission assurance, to inform decision-makers at installations,
and to leverage regional planning approaches that extend into the mili-
tary installation community where much of the national and generating
forces and their families live and work.

ERDC is collaborating with current Army Futures Command-CCDC
Ground Vehicle Systems Center robotics and AFC Sustainment efforts.
Findings of this project are being fully integrated with ERDC Robotics
Engineer Operations for combat engineering tasks and Fort Leonard
Wood Contingency Base Technology Engineering Center AV test-bed.
Joint integration of the project is demonstrated by a follow-on research
of an AV installation deployment that is planned for Marine Corps Air
Station Miramar beginning in 2020, with potential to expand to Naval
Base San Diego. Consultation with Joint Base Andrews is ongoing for
Air Force AV deployment contract development and energy analysis.
The results from this project were shared at the kickoff meeting for the
Fort Carson, Colorado AV deployment and research project for ERDC
that builds on JBM-HH. The policy and planning implications captured
are shaping that effort and will be reported to Congress to inform de-
velopment of military installation guidelines for smart installations and
AV technology in the future.

Multiple academic institution partnerships have resulted from this pro-
ject. ERDC has completed an Educational Partnership Agreement and
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Cooperative Research and Development Agreement with George Ma-
son University in anticipation of JBM-HH Phase 2, and several other
university agreements are pending for related projects.

e The JBM-HH project is planned to expand into the surrounding com-
munity through cooperative efforts with state and local governments of
the NVRC pending funds availability.

e This research built on previous Army Research Lab and TARDEC
ARIBO program for wounded warriors at Fort Bragg from 2015-2018.

e A “way forward” matrix (Table 6) is proposed that identifies strategic
future smart bases and AV pilot locations, geography/climates, aca-
demic partners, and joint force mission sets for a structured R&D

framework that builds on this foundational project.

Table 6. “Way forward” matrix.

Way Forward

Joint Base Myer-
Henderson Hall &
Pentagon,
Virginia

Ft Carson,
Colorado

Miramar Marine
Corps Air Station,
Naval Base San
Diego

Ft Leonard
Wood, Missouri

Redstone
Arsenal, Alabama

Ft Benning,
Georgia

Rantoul and
Champaign, IL

Urban environment, Atlantic
coast, four seasons

Mountains and high plains,
high altitudes, four seasons

Desert and low mountains,
Southwest temperate and
Pacific coast

Woodland, Midwest four
seasons

South-east region, low
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Acronyms and Abbreviations

Acronym | Definition

AAR After-Action Review

AASHTO American Association of State Highway and Transportation Officials
ADA American with Disabilities Act

API Application Program Interface

AR Army Regulation

ARIBO Applied Robotics for Installations and Base Operations

ARL Army Research Laboratory

ASA [E&E Assistant Secretary of the Army for Installations Energy and Environment
AT Anti-Terrorism

AV Autonomous Vehicle (or Automated Vehicle as defined by USDOT AV 4.0 guidance)
BAA Broad Agency Announcement

CAV Connected and Autonomous Vehicle (or Connected and Automated Vehicle)
CBRN Chemical, Biological, Radiological, and Nuclear

CBRNE Chemical, Biological, Radiological, Nuclear, and Explosive

Cccbc Combat Capabilities Development Command

COOP Continuity of Operations

DASA Deputy Assistant Secretary of the Army

DCI Defense Critical Infrastructure

DoD Department of Defense

DPW Department of Public Works

DSE Defense Security Enterprise

ESMRM Explosives Safety and Munitions Risk Management

FAST Fixing America’s Surface Transportation

FMCSA Federal Motor Carrier Safety Administration

FMVSS Federal Motor Vehicle Safety Standards

FPCON Force Protection Condition

GIS Graphical Interface System

HAV Highly Automated Vehicle

JBM-HH Joint Base Myer-Henderson Hall

LM Local Motors

LOE Line of Effort

MA Mission Assurance

MCICOM Marine Corp Installation Command

MDO Multi-Domain Operations
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MOA Memorandum of Agreement
NEC Network Enterprise Center
NHTSA National Highway Traffic Safety Administration
NIWC Naval Information Warfare Center
NVRC Northern Virginia Regional Commission
PAIO Plans, Analysis, and Integration Office
RR Robotics Research
RTK Real-Time Kinetics
TARDEC Tank Automotive Research Development and Engineering Center
USACE United States Army Corps of Engineers
UsSDOT United States Department of Transportation
USMA United States Military Academy
V2| Vehicle-to-Infrastructure
V2N Vehicle-to-Network
vav Vehicle-to-Vehicle
V2X Vehicle-to-Everything
VDOT Virginia Department of Transportation
Pl Personally Identifiable Information
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Appendix A: AV 101

Al

This Appendix provides a broad overview and understanding of automated
vehicle systems and the associated technology. The intent is simply to pro-
vide a primer for installations, to educate and provide adequate technical
background to the unfamiliar reader.

Automated vehicle technology

AV technology is an umbrella term that includes a wide variety of features
and technologies that enable vehicles to take control of some or all of the
major driving functions normally completed by the driver. This includes
fully autonomous vehicles that no longer require a human driver to oper-
ate them, as well as a range of advanced driver assistance systems (ADAS)
that enhance driver safety by taking temporary control of one or more
driving functions (i.e., speed, lane position, braking, etc.). An AV must
both perceive the environment and control the vehicle to varying degrees.

A fully autonomous vehicle no longer requires a human operator to drive.
Instead, the vehicle relies on technologies like GPS, LiDAR, and radar to
read their surroundings and make intelligent decisions about the vehicle’s
direction, speed, and interaction with other road users—including cyclists
and pedestrians. The vehicle’s combination of sensors, cameras, LiDAR,
HD maps, and advanced software create a digital picture of its surround-
ings and make intelligent driving decisions on routing and maneuvering
without any input from an operator. Figure A-4 depicts the typical AV sen-
sor suite deployed on vehicles incorporating ultrasonic, cameras, and ra-
dar and their respective strengths.

LiDAR shoots pulses of light and measures how long it takes for the light
to return to the sensor to assess how far away an object is. The vehicle’s
central computer can then be programmed to recognize specific LIDAR re-
turns as another car, a pedestrian, or even a stop sign. Figure A-4 demon-
strates how LiDAR can substitute for ultrasonic sensors and cover a simi-
lar spectrum of capability depending on the frequency and number of light
emissions and receptions.
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Figure A-1. Sensor fusion of typical AV sensor suite deployed on vehicles incorporating
ultrasonic, cameras, and radar.
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Figure A-2. LiDAR sensor adds cost but provides additional spectrum of sensor functionality
and surety and was part of the Olli sensor suite.
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LiDAR systems are typically supplemented by cameras or HD video and
other sensors to provide redundant detection systems that detect objects
that LiDAR could miss, particularly in the area immediately surrounding
the vehicle. More sophisticated systems that leverage algorithms and Al
add another layer of complexity by assessing how surrounding vehicles
and pedestrians are moving and predicting where they will go next. In the
case of a pedestrian crossing the street, advanced software can identify the
object as a pedestrian, predict the pedestrian’s movements, and begin
slowing the vehicle before the pedestrian enters the street instead of wait-
ing until the pedestrian is directly in the vehicle’s path. With current tech-
nology limitations, whether an AV uses LiDAR or cameras or both, it is
very difficult for these systems to work properly in inclement weather con-
ditions and poor visibility. Rain and snow can refract the laser returns and
cameras struggle to identify objects accurately through precipitation—
functionally blinding the AV. However, using both technologies in tandem
could overcome this problem as the technology continues to advance. Fig-
ure A-3 further demonstrates the integration and fusion of various tech-
nologies and links to vehicle controls.

Figure A-3. Examples of sensor integration and links to various perceptions and vehicle

controls.
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A.2

Levels of automation

The classification used to describe the degree of automation of a vehicle is
defined in standards by the International Society of Automotive Engineers
(SAE). There are six levels of automation (including “Level 0,” which is no
automation) identified according to the approach “who does what and
when”; that is, who (human driver or system) performs the operation and
at what timing. Figure A-4 shows the definitions of the six levels.

An important consideration is the confusion that results from different un-
derstandings and meanings of words related to automation levels. This re-
port uses the term “autonomous vehicle” and AV related to the Olli, even
though it mostly functioned at Level 4 automation. This use is based on
background language and project history that resulted in funding of this
effort. The USDOT and White House OSTP released the “AV 4.0 Guid-
ance” during the writing of this report, therefore moving forward ERDC
will attempt to align with the use of “automation” and “automated vehi-
cles” as general terms to broadly describe the topic and will use more spe-
cific language such as “automated driving system (ADS)” when appropri-
ate adopt the more consistent definitions reflected in Figure A-5.

Figure A-4. SAE levels of automation used for automated vehicles. The Olli AV deployed at

Level 4 on JBM-HH.
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USDOT/White House OSTP, 2020.
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A3

Figure A-5. This note on terminology highlights the need to bring more consistency in
communicating on automated vehicle technologies and is a clarification from the January
2020 USDOQT AV guidance.

u A Note on Terminology
Clear and k:cm:.i:tent definition and use of terminclogy is critical to advancing the discussion around automation. To date, a

variety of terms (e.g., self-driving, autonomous, driverless, highly automated) have been used by industry, government, and
observers to describe various forms of automation in surface transportation. While no terminology is correct or incorrect, this
document uses “automation” and “automated vehicles” as general terms to broadly describe the topic, with more specific

language, such as “Automated Driving System” or “"ADS” used when appropriate. A full glossary is in the Appendix

VI PREPARING FOR THE FUTURE OF TRANSPORTATION

Today’s cars are generally equipped with SAE Level 1 and 2 features, com-
monly referred as Advance Driver Assistance Systems (ADAS), such as
park assist, cruise control, adaptive front lights, and lane keeping assist.
Note that these provide driver support in terms of aid, warning, and assis-
tance rather than replace it in driving activities (automation). Few car
manufacturers can offer models furnished with SAE Level 3 or higher au-
tomation functions.

With Level 1 automation, the driver remains in control of the vehicle, but
the technology can assist the driver by controlling one of the vehicle’s
functions, either its speed or lane position. Common “cruise control” is
Level 1 automation. Level 2 takes this a step further by allowing the vehicle
to control two driving functions at the same time. A vehicle with Level 3
automation can take full control of the vehicle for certain parts of a trip,
but the driver must be ready to take back control of the vehicle. The vehi-
cle takes full control of all major driving functions in Level 4. Level 4 vehi-
cles can even drive themselves for the entire trip, but they are only able to
do so under specific conditions. The Olli AVs operated at JBM-HH were at
a Level 4 for the specific routes that were pre-mapped into the system and
used a safety steward that was able to take control if needed. Finally, Level
5 automation refers to fully autonomous vehicles that can operate without
an operator in all conditions and without the capability for a human to re-
take control.

Connected vehicle technology

Connected Vehicles (CVs) are those equipped with advanced communica-
tion technologies that allow the exchange of information, through different
communication channels, between the various elements of the transport
system (i.e., vehicles, infrastructure, or pedestrians) in real-time. Based on
a specific vehicle’s location, information is broadcast to the vehicle so the
driver (human or system) is able to make informed decisions regarding
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routing and maneuvering. Experts generally talk about Vehicle-to-Every-
thing (V2X) to describe future connectivity, which includes the following;:

e Vehicle-to-Vehicle (V2V) technologies for exchanging data between ve-
hicles, for example, to provide and receive alerts on traffic conditions.

e Vehicle-to-Infrastructure (V2I) technologies for exchanging data be-
tween vehicle and infrastructure, to allow vehicle to be warned about
situations of danger due to accidents and, eventually, to adapt driving
to the environment, for example, when accessing areas with speed lim-
its or any other traffic restrictions.

e Vehicle-to-People (V2P) technologies for exchanging data between ve-
hicle and smartphones (or dedicated devices) to receive information
about activities taking place nearby.

e Vehicle-to-Network (V2N) technologies for exchanging data between
vehicle and the traffic control center and receiving real-time infor-
mation on traffic conditions.

Simple examples of CV technology include transmitting information typi-
cally given on street signs to a heads-up display in the vehicle. For in-
stance, a sensor embedded in the roadway could tell the vehicle what the
speed limit is at all times or it could provide a warning whenever the vehi-
cle begins traveling the wrong way down the road. More sophisticated ex-
amples could include an ambulance warning other vehicles to move out of
the way or platooning, in which two or more vehicles “link” and travel to-
gether like a train.

If AVs are not connected, they require less organizational complexity, less
investment in infrastructure digitalization, and provide greater cybersecu-
rity since the possibilities of hacking are reduced. CAV combine elements
of both connection and automation for more complex and sophisticated
operations. The Olli AVs used at JBM-HH did not use connected vehicle
technology, thus are simply referred to as AVs.

Other AV considerations

In addition to AV, CV, and CAV technology, there are several other trans-
portation technology advancements that could complement the emergence
of AVs and magnify the benefits AVs promise to provide. This includes
electric vehicle technology, advanced traffic management systems, and
varied AV types and applications.
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Electric vehicle technology is advancing rapidly along with automated sys-
tems. Many have speculated that because AVs will require a significantly
more extensive electrical system to power the sensors and computers nec-
essary to drive autonomously, it will be easier and more efficient to engi-
neer AVs that are electric-powered rather than combustion-powered. Typi-
cally, Electric Vehicles (EVs) refer to vehicles that use energy from their
own battery (thus excluding hybrid vehicles). Studies show that EVs bring
great benefits for the environment by eliminating local emissions of pollut-
ing agents and climate altering gases. EVs are already at an advanced state
of implementation. The military investment in EVs recognizes the benefit
of transportable energy that integrates microgrids, EV charging stations,
and vehicle or other batteries into a holistic energy system. Energy resili-
ence and operational energy are both aspects of mission assurance that are
further explored in the program integration LOE.

Advanced traffic management systems (ATMSs) (aka Intelligent Transport
Systems) regard the physical mechanisms that make roads connected and
cooperative (i.e., smart roads) and the intangible frameworks in which
data concerning the whole transport systems are stored (i.e., digital infra-
structure). Today, most ATMS use traffic data gathered from sensors and
cameras embedded in the roadway infrastructure to adjust speed limits,
traffic light timing, and ramp metering to improve vehicle flow and miti-
gate traffic congestion. CV technology could revolutionize ATMS by ena-
bling them to be informed by data inputs from every vehicle on the road.

Yet even more transformative is the potential for ATMS to communicate with
or even control the movements of vehicles across the transportation system.
All data and information collected by AVs and CVs theoretically could be fed
into a centralized ATMS that could provide each vehicle with optimal routing
information based on real-time traffic conditions. The ATMS could safely re-
route traffic away from traffic jams and safety hazards and could ensure that
AVs are aware of road work, detours, and new roadway infrastructure. In this
way, the combination of AV, CV, and ATMS technology could maximize the
efficiency of roadway infrastructure in real time. ATMS with this level of com-
plexity has yet to be developed and may raise important privacy issues. No
ATMS were used at JBM-HH but further research to leverage ATMS on mili-
tary installations provides vast opportunities.

Examples of AV types and capabilities currently in the commercial sector
are useful as a point of reference for the context of the JBM-HH project,
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which explored two low-speed AV shuttles. The private passenger car is
the focus of AV speculation, but there is a diverse range of vehicles that
will be automated in different ways (Table A-1).

Table A-1. Currently available examples of commercial AV services and capabilities.

Companies or

Example Commercial AV* Type of AV Service Capability Providers
TAXI 4-6 Uber, Lyft, Waymo
AV taxi providing rides passengers
either as sequential 25-35 mph

private or shared
simultaneously by several
passengers.

SHUTTLE 8-12 Navya, Local
Automated minibus for  |Passengers |Motors, EasyMile
carrying groups of people |10-25 mph
over short distances,
usually on pre-mapped

routes

DELIVERY 5-10 mph Starship

AV cart providing last- Technologies,

mile light goods Robby

distribution Technologies, Nuro

COMMERCIAL HAULING {44,000 lbs |Embark, Daimler,

Single or platooned of cargo Einride, TuSimple,
tractor-trailer providing |55 mph Waymo, Tesla,
long-haul freight Volvo

transport

* Source for Pictures: Taxi: Uber self-driving car (www.uber.com); Shuttle: Local Motors Olli (www.localmotors.com);
Delivery: https://roboticsandautomationnews.com/2019/01/25/top-16-autonomousdelivery-robots-ready-to-take-over-
the-streets/20709/; Volvo Trucks’ Vera (https://www.gearbrain.com/autonomous-truck-startup-companies-
2587305809.html)

Figure A-6 shows an array of other AV applications and ideas. Potential AV
applications in these areas are currently at various levels of maturity includ-
ing research, development, testing, evaluation, and fielding. While the JBM-
HH project focused on AVs in transportation, applications in the areas of lo-
gistics, industrial production, specialized purposes such as medical support,
and consumer applications such as shared use AVs are all potential use-
cases that may improve mission assurance/mission readiness, services and
costs, and Soldier and family quality of life on future smart installations.


http://www.uber.com/
http://www.localmotors.com/
https://roboticsandautomationnews.com/2019/01/25/top-16-autonomousdelivery-robots-ready-to-take-over-the-streets/20709/
https://roboticsandautomationnews.com/2019/01/25/top-16-autonomousdelivery-robots-ready-to-take-over-the-streets/20709/
https://www.gearbrain.com/autonomous-truck-startup-companies-2587305809.html
https://www.gearbrain.com/autonomous-truck-startup-companies-2587305809.html
https://www.gearbrain.com/autonomous-truck-startup-companies-2587305809.html

ERDC/CERL TR-20-9

142

Figure A-6. Array of AV potential applications
Autonomous Driving Applications v1.0
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A.5 Commercial AVs

Table A-2 lists connected and autonomous vehicle technologies currently
in the market place.



143

ERDC/CERL TR-20-9

(aBeeq swednne

W L66STELS| 591 0Ly5-058s| 591 988s| 53] 00| (5922081} By 8149) 531 000€) 34 19€1| 5012155} 34 00s| LECIET 5310055} 34005 (59 002s) 3 oz I 3panjo Y Sugesado,
‘xeiy) Buney 1w apyaN ssoig)
(aBefeq /syuedno|
; ] s ] . - o ——
s s 99| ] 551 s34 00 25134001 Isl0geI 1005 O
e
1w 591 udu 1| Jow y71 | (ydhw g 4wy 0| jdu 57| udu 7| 930 Xey |
¢ “ s s . w
s s-ovo wtstmog ozl [ )
{331 €55 wn 05 =anbioy bioy snonuauo))|
-~
{13 £75) w h 963
ol
fr— o S i p— o] v sz ol mononk i e
uoseg)| sieq 4wy o1 Agsauy
SR
o uoire umore
(hemigiy o 87| 563 S g PP D) 1| noy 7 0140 S g| ey
o
| 5| 5| 95| {vsn) 21 (vama) 6| lapede) saduasseq
e
B ] fizn
Ap———— Sp—
o [
pinaenye| suotaipuss o) n g uonemuue
i o Pr— eropamso oo
ppoussn o
o pummais
P—" eng
R " o
JaSR—
10z o s s (s10z oy
[posn| [pasn|
o b o penoma g Jre—-
apesdo 0 pudisp) o|

o
i Zl PUEPUIX | e Wl ‘3duwa) ‘squey|
— - g [Epm——
fonmp
e non
" v
- - [—
i —
wonaal wavorag] v 1 on| s srasseod oy ! o0
| g
. ° Ispuepauan| . 4
I¥oled) ey | wogueag) pio| ag] IOy (39| (3 “haancn) sender| 1 ‘wos o) s . [ooues3 sauqy) 2| I epein) o) (v epail 39| feauesy ‘uoh) ekrey| fvsn I¥sn v
pann] aagaty|
’ o o
7] 1 ues) M o v ¥ wagh ueiunoi) owhepy| w 1 ol ey ‘o201 DH § Aveduuo) kuouoyny|

*S9]9IYSA SNOWOUOINE pue pPaloauuod ajge|ieAe-A|[2I01aWwwo9 4O 1SI| SAISuUsyaldwo) “Z-V a|qel



ERDC/CERL TR-20-9 144

: Template for Joint Base Myer-Henderson Hall Business Case Analysis Report

- ©ERDC
Demonstration Program b A LAY A

Using Commercial Technologies

Business Case Analysis Report
Autonomous Vehicle Shuttle/Smart
Bases Program/Pilot at Joint Base Myer-

Henderson Hall
1 September 2020

Prepared by: James P. Allen, PE and Smart Base Innovation Team
U.S. Army Engineer Research and Development Center (ERDC)
Construction Engineering Research Laboratory (CERL)
2902 Newmark Drive
Champaign, lllinois 61824

Prepared for:
Assistant Secretary of the Army for Installations, Energy, and
Environment (ASA(IE&E)) and Strategic Integration
Washington, DC 20301



ERDC/CERL TR-20-9

145

1

Autonomous Vehicle Shuttle Business Case Analysis Report

CONTENTS

PROBLEM STATEMENT, OBIECTIVE AND SCOPE ovutuneieeieiaeeiiteineaeeeeseesasarensnsaesesesssssnsasaasesessesssssnsnsaasnes 5
1ol BACKEIOUNG. it ettt ee e ceruee e eeiereee e saetae sessrataanesas sasaasaensennsnsanseaas sasannenesennsasaneesansasaas 5
1.2 Problem / Opportunity STEEEMENT . ..u et tte e steste e saeste e esseesaesaesaessesaesanas 8
1.3 OBJECHVE/ GO cuiiiiiectiieeceecte et et cte e et e ste s e sre e s be s e sassteste san e ste st sasansasaensansasssesesanas
Ll S COP irmrnsnransossssnses s vssass us sy Ay SRR § SN AR ST SR SO SR S A S RO N A NSRS A R

1.4.1  Significant Milestone Dates

EACTS; A S BT IO N S A N D S T R TS e s s D S S s S s
2 [Eacts-8& Qutcomes bV LOE sommmmmnms i nnss s e e e

2.0  Infrastructureiane OpenationS s s v s s e e ares 10

2.1.2  ENergy and ECOMOMY wiuii it eiicirieeesceiareaneaeesaseneesseassensensssesansessassesassnsansssansnsansane 11

2.1.3  Data Architecture and Cyber SECUNtY ... e crveriee e e ee s seeseeneaes 11

2,14 Data ANAIYTICS vttt teererescrrnessseaes csare e csae e s te e e e seatae senaaeaeaeeasaeaennns

2.1.5 Human Factors......

2.1.6  Planning and Policy

2.0.7  Program INEegration. ... ettt e et s e e e e e e e s e 13
Z:2 CONSERATNES cusicevsvvmmormmesssmesimesessmmesmm s s S s 8 T S S S ST

COST FRAMEWOR Kossomssssesmsss s s s e e sy e e S O S v TS M
3.1 Cost Analysis

T R ATV S e e S L A T R A T e R e
4.1 Way Forward

Risk Assessment & Mitigation Strategies .
5.1 Acquisition Risk ......

5.1.1  Technical Risk

5.1.2  BUSINESS RISK couuiiiiiiiiiiii ittt e e s et s e s s e s s e e s e
5.2 AVErSary RiSK cociiiieiiciciiieieseiieeiee e cieeetesceareeeeaee e tentae s seaereaeeeesensanbas seaesateaeeeanssnneane
5:3 MItiZalion SIratiegies wvsiiseris i s s ds s dv a4 8 s ave s s s §453 e ss

Return on Investment
6.1 Quantifiable and Non-Quantifiable Benefits

6.1.1  Quantifiable Benefits................

6.1.2  Non-Quantifiable Benefits
6.2 Costsrand Benefits COMPATISON v s e sy

6.2.1  Operations COSt COMPATISON ...ttt ete et testes s testeseaseassee s e sessn sesannnne

6.2.2  Transport COSt COMPAriSON ... iieieteietieeeteteeteetes e testeeeaseasaeesessesn ssannnne
6.3 Bill payers, Offsets or Tradeoffs . i e cssaeeete s eessvaessaesnvassnnaans
6.4 Second and Third Order Effects o e ecncerenecnncenesseeessesseeseessseseessseseessssnes

Results, Recommendations and Conclusion....
7.1 RESUIS OF ANAIY SIS .ttt ciiiiiaitiis ittt e et et e st et bas bbb e absbes eabbeaassbebassbssasatsbansbbbasasssan
7.2  Recommendations:byLOE civrmmmasmmamrssvessmomsmasmss s o s s e s e

7.2 Infrastructuresand Operafions uaasmmmsamsmmmmssmrcssnmims s s

722 Energy-and ECOMOIMY: cossmssssmmssssmsmessssssssssmsss 8o s s s sass e sy s s ssaswassns

FOR OFFICIAL USE ONLY 9/1/2020



ERDC/CERL TR-20-9 146
Autonomous Vehicle Shuttle Business Case Analysis Report
7.2.3  Data Architecture and Cyber SECUMITY ..t e e cesseaeesseaes e sasneaessianeas 27
7.2.4 DAt ANEIYEICS woii ittt it st s rte e s e aeese e et e s et eae e seaeesranteaeasianenas 27
7.2.5  HUMEN FACEOIS ittt e e s st e s e s are e s s senaas 28
7.2.6  Planning @nd POlICY couueeiir et ciieisienteeeessseienteeeesesasasianteseesssesensenteseessansenseassasans 29
7.2.7  Program INteEration.......cciiiiiiiiiiiiiii ittt et st s st st saeaneans 30
7.3 ValUE ProposSition (ot teiette ettt et eee ere e e te e she e e et e e teae e nneaeane 31

FOR OFFICIAL USE ONLY 9/1/2020



ERDC/CERL TR-20-9 147

Autonomous Vehicle Shuttle Business Case Analysis Report

EXECUTIVE SUMMARY

This project focuses on the central research question, “How and why does an autonomous
vehicle transportation option on Joint Base Myer-Henderson Hall impact mission readiness and
assurance, transportation services and costs, and safety and quality of life?” The project was
exploratory research using a mixed methods single-case study embedded design with multiple
units of analysis that varied across the research lines of effort (LOE). Evidence included field and
participant observation, data collection and documentation, archival records, interviews, and
surveys. The research LOEs reflected the desire to answer many emerging questions related to
the dynamic nature of autonomous vehicle (AV) technology during a field study in a
comprehensive approach that included the seven LOEs outlined below (Figure 1) in order to
inform future smart installation guidance and policies and AV related measures of effectiveness
and performance.

Autonomous Vehicle Pilot Research Approach

‘ Measures of Effectiveness/Performance (MOE/MOPs) and Smart Installation Guidance |

Vision Research Lines of Effort

Qutcomes

= A Mission
| Infrastructure and Operations > Readine==
s 4 &
Military | Energy and Economy > Mission
installations X Assurance
ta_ g ' | Data Architecture and Cyber Security >
leverage P
connected and | Data Analytics > Teanispctaicn
autonomous \ o
vehicle | Human Factors W\ _costs
technologies ‘ Planning and Policy > Safety
X &
‘ Program Integration > Quality of Life

Figure 1. Seven research lines of effort (LOE} used for comprehensive analysis of the project

This pilot successfully demonstrated the viability and value of AVs on military installations with
commercially available technology. Although AV technology has not yet matured to the point
of widespread usage with standardized quality and safety standards, nor economic competition
that provides a positive return on investment due to high initial technology cost, this project did
demonstrate reduction in base operating costs, safe and flexible AV operations to improve
quality of life with more transportation options on the base, and enhanced mission assurance
and readiness through data analytics that provide operational information, edge computing,
and viable AV services to address multiple use cases. Investing in additional pilots that
encompass a broad spectrum of mission sets, topography, and climates will shape AV
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technology development, hasten adoption of AV technologies on installations as they become
economically advantageous, and allow exploitation of real-time data fusion and Al technologies
to build readiness and resilience in the strategic support area (SSA). We recommend the Army
continue investment in this space, by expanding smart technology and AV pilots at different
locations to confirm outcomes, test other SSA mission applications, address vulnerabilities, and
scale the technology to discover points of diminishing returns.

The Army is seeking to integrate innovative technology into the operations of installations to
support readiness, build resilience, increase efficiency, lower costs, and improve the quality of
life of service members and their families. To accomplish that, the Army is conducting a series
of technology pilots to demonstrate success or failure for implementing commercially available
technology within Army installations.

Any test and demonstration program will include a cost-benefit analysis of expected returns to
the Army. An analysis on each pilot will be in accordance with the guidance and approach
outlined in the Army’s Cost Benefit Analysis Guide, as prepared by the Office of the Deputy
Assistant Secretary of the Army (3™ Edition, V3.3, 21 January 2020). Such an analysis must
include, but is not limited to, a financial return on investment.

Readiness is one of the Army’s three stated priorities, and an important consideration for
return on investment. Technologiesin a test and demonstration program must include
measures related to supporting a given installation’s ability to generate readiness and achieve
its stated mission. Specific areas that contribute to readiness include improvements in training,
safety, security, warfighting operations, power projection, maintenance and quality of life.

Resilience, in the context of an Army installation, is the ability to quickly recover from a shock
and maintain operations. Following the discussion above on risks, resilience is crucial in the
current environment of constant attack. Each pilot must clearly include an element that
measures whether the technology enhances the installation’s ability to protect and recover
from an adverse event, whether manmade or from natural causes.

Looking to the future, the Army must consider the contributions that any tested technology has
on the quality of life experienced at an installation, and whether that technology influences the
recruitment and retention of current and future soldiers. Communities around the world are
developing “smart spaces” that improve the delivery of public goods and services, provide
convenience and/or save time. The Army must offer similar environments. Smart installations
will be a more appealing environment to work and live for the future Solider.

1 PROBLEM STATEMENT, OBJECTIVE AND SCOPE
1.1 Background

Military installations serve as strategic staging areas which are integral to national
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security and require contemporary research and development efforts to explore and
exploit rapidly changing innovations such as autonomous vehicle (AV) technology. This
report documents the deployment of AV technologies at Joint Base Myer-Henderson
Hall (JBM-HH) for a 90-day pilot study from June 19th to September 27th, 2019 in order
to evaluate the commercially-available Olli AV manufactured by Local Motors, Inc. and
Robotic Research, LLC.

The Army is reconsidering how it views its installations as part of the battle space under
Multi Domain Operations (MDO). This review includes technology modernization
efforts. Connected and autonomous vehicle (CAV) technology is expanding rapidly. The
DOD community and military installations have an interest in understanding
autonomous transportation systems in order to plan for a broad range of areas that
include infrastructure, security, economic impacts, cyber and communications. CAV
demonstrations have been conducted on Army installations through the U.S. Army
Research Laboratory (ARL) and the U.S. Army Tank Automotive Research Development
and Engineering Center (TARDEC), Ground Vehicle Robotics program entitled Applied
Robotics for Installations and Base Operations (ARIBO). The ARIBO program
demonstrated CAV use on installations and matured the technology through increasing
stages of chauffeured, safety operator, and fully autonomous vehicle operations within
limited internal installation routes. The ARIBO projects occurred from 2015 to 2018 at
locations including Fort Bragg, NC and West Point USMA, NY. The ARIBO program is no
longer active, and with the establishment of Army Futures Command, the
reorganization has resulted in institutional expertise at ARL and the newly formed U.S.
Army Combat Capabilities Development Command (CCDC) Ground Vehicle Systems
Center.

The Army now needs to conduct pilot projects that deploy updated and commercizally
available CAVs on installations and within adjacent communities to further demonstrate
their use, and conduct research and development to optimize and inform the
integration of this emerging technology. The above mentioned commands will continue
efforts in CAVs focused upon combat missions. ERDC leadership on this project builds
upon its expertise in infrastructure, energy, data analytics, and planning for installations
to understand and inform CAV deployments on installations. ERDC's efforts will
improve mission readiness and inform decision makers at installations as they seek to
establish a common operating picture to automatically identify integrated optimization
choices using: Big Data, Predictive Analytics, and Artificial Intelligence (Al) that can be
incorporated into the Virtual Testbed for Installation Mission Effectiveness (VTIME).

CAVs capture, store, and analyze tremendous amounts of data. Military installations in
the future will serve as integrated platforms with a need to understand the data
systems and processes involved in CAV deployments in order to create systems-of-
systems with enhanced data analytics that not only facilitate transportation
optimization, but deliver a broader situational awareness to the commander. Data must
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be protected from external exploitation in order to overcome threats and ensure
continuity of operations. CAVs and onboard sensors can serve an integral function in
providing visualization, notification, automation, and fully informed decision-making at
the installation operational level.

In February 2019 a collaborative submission for a CAV demonstration project was
proposed to Local Motors, Inc. by Joint Base Myers-Henderson Hall (JBM-HH), Marine
Corps Installations Command (MCICOM), and ERDC with the support of the Office of the
Assistant Secretary of the Army (IE&E), DASA Strategic Integration as part of the
‘Greater Washington Fleet Challenge’. On March 15, 2019 an official notice by Local
Motors, Inc. of the selection of IBM-HH as the regional location for the demonstration
was received. A sole source contract to acquire data from the AV sensors and weekly
operational reporting from Local Motors during the AV demonstration was approved.
This 90-day demaonstration formed the Phase 1 military installation AV deployment that
is the time frame for this report.

A broader regional effort by the Northern Virginia Regional Commission and its
stakeholders to provide ‘first and last mile’ transportation options to local commuters
and reduce the traffic burden in the regional highway system includes Phase 1 as well as
follow-on Phase 2 and 3 projects that provide AV services from JBM-HH to key transit
hubs and employment institutions such as Metro stations and the Pentagon. The
envisioned timeline and phases of this broader regional effort is shown in Figure 2. The
military liaison with the Northern Virginia Regional Commission (NVRC) is a key
integrator between the many installations and the regional transportation plans.

Phases:
= Acquisition: Sole Source Award
+ Phase 1a: Event and invitation mobility service at JBMHH
» Phase 1b: Fixed route and event mobility service at JBMHH
« Phase 2: Fixed route mobility service from JBMHH to Pentagon
» Phase 3: Fixed route mobility service between JBMHH, Pentagon, and 2 metro stations

Completed Pending

8
i

...............................

June 2020 — @

15 Mar 2019 §
19 June 2019
12 August 2019
March 2020
December 2020

27 September 2019

Figure 2. Timeline and envisioned phases for the deployment of AV technology in the Northern Virginia region. Phase 1 is
complete and occurred completely an 1BM-HH. The military ligison with the Northern Virginia Regional Commission {NVRC} is a
key integrator between the many installations and the regional transportation plans.
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The federal roles and responsibilities for the JBM-HH deployment of CAVs were
formalized in a federal Memorandum of Agreement (MOA). A summary of the roles is:
e ERDC-CERL as research and development project and contracting lead

e JBM-HH as project operation and support lead

s ASA IE&E as strategic communication lead

¢ MCICOM as joint integration lead and strategic communication secondary lead

The anticipated timeline and key activities originally planned at JBM-HH included:
e April 3, 2019: Begin deployment planning and site survey
e April- mid May 2019: Infrastructure set up and operational testing, vehicle and
route set up and operational testing
s Mid-June 2019: Mobility service begin operation
o Phase 1 service: internal JBM-HH route for 90 days
o Phase 2 service: addition of route from JBM-HH to Pentagon from day 91 to day
180 if milestones achieved
o Phase 3 service: addition of route to two Metro stations at Rosslyn and
Pentagon City from day 181 to day 365
e Deployment closure after 1-year operation

Due to limited resources from local and state stakeholders, the Phase 2 and 3 aspects of
this project which would extend off JBM-HH are still pending and thus not included in
this report.

Problem / Opportunity Statement

The central research question for the project was “How and why does an autonomous
vehicle transportation option on JBM-HH impact mission readiness and assurance,
transportation services and costs, and safety and quality of life?” The project was
exploratory research using a mixed methods single-case study embedded design with
multiple units of analysis that varied across the research lines of effort (LOE). Evidence
included field and participant observation, data collection and documentation, archival
records, interviews, and surveys. The research LOEs reflected the desire to answer
many emerging questions related to the dynamic nature of AV technology during a field
study in a comprehensive approach that included the seven LOEs (see Figure 1) in order
to inform future smart installation guidance and policies and AV related measures of
effectiveness and performance.

Objective/ Goal
The objective of this project is to explore the data captured and the process required to
employ autonomous vehicles (AVs) during the Olli AV deployment at JBM-HH. This

project will transfer data collected by the AVs and document process steps and findings
during the planning, site survey, set up, operational test, demonstration, and
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employment of AV technologies at JBM-HH, and within the surrounding community for
evaluation of commercially-available AVs like the Olli.

The long term goal is to understand the data systems and processes involved in CAV
deployments in order to create systems-of-systems with enhanced data analytics that
not only facilitate transportation optimization, but deliver a broader situational
awareness to the commander. CAVs and onboard sensors can serve an integral function
in providing visualization, notification, automation, and fully informed decision-making
at the installation operational level.

Scope

The project scope included a 90-day time period of Olli operations. Olli #10 and Olli #13
representing the sequence of Olli’s built by Local Motors were the AV utilized. Each Olli

was version 1.0. The location of the pilot occurred completely within JBM-HH perimeter
on installation roadways. Timeline and phases are depicted below in Figure 3 along with
key milestones achieved and dates.

Autonomous Vehicle Timeline and Milestones

« Phases: Acquisition: Sole Source solicitation

» Phase 1a: Event and invitation mobility service at JEMHH

« Phase 1b: Fixed route and event mobility service at JBMHH

+ Phase 2: Fixed route mobility service from JBMHH to Pentagon (FTA proposal for 12

months)

* Phase 3: Fixed route mobility service between JBMHH, Pentagon, and 2 metro stations
= Milestones:

« Data sharing from sensors (gav cloud) and vehicle (API)

+ Combined survey

« Weekly reporting " )
{atete G . Sodays . 1
68 days L/'

|

27 September 2019
June 2020

15 Mar 2019
19 June 2019
12 August 2019
March 2020
December 2070

Figure 3. Timeline and milestones achieved

1.4.1 Significant Milestone Dates

4 April 2019: JBM-HH announced to be National Capital Region Local Motors Olli Fleet
Challenge location for autonomous vehicle pilot.

16 June 2019: Federal acquisition process completed with award of sole source, firm
fixed price contract to Local Motars for data transfer and process reporting during Phase
1. Two additional options included in contract continue data transfer and process
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reporting during Phase 2 and 3.

19 June 2019: JBM-HH Launch Event and Olli begins Phase 1a operations for invitational
events. Launch event speakers include Cathy McGhee, Director of Research and
Innovation at the Office of the Virginia Secretary of Transportation; Jay Rogers, CEQ and
co-founder of Local Motors; along with Army and Marine Corps leadership.

12 August 2019: Phase 1a completed with total of 16 events and 171 riders on Olli for
0.9 mile demonstration route. Phase 1b operations begin along 4.4 mile fixed route
from Wright Gate to South Gate of JBM-HH with 14 stops and two Olli AVs between
1100-1300 daily.

18 September 2019: Conducted afternoon roundtable at JBM-HH of all stakeholders to
document project outcomes related to mission assurance and mission readiness, safety
and quality of life, and transportation services and costs.

27 September 2019: Phase 1b completed with total of 7 weeks (35 days) of fixed route
transportation service with over 450 miles traveled, 208 riders, 12 events, and 137
safety steward takeovers conducted.

2 FACTS, ASSUMPTIONS AND CONSTRAINTS
2.1 Facts & Qutcomes by LOE

Below summarizes the outcomes of each LOE. Complete methodology, assumptions,
and analysis data resides in Construction Engineering Research Laboratory publication,
ERDC/CERL TR-DRAFT (in publishing).

2.1.1 Infrastructure and Operations

The infrastructure and operations LOE demonstrated AV shuttle service of two AVs
along the main routes of JBM-HH in a circular pattern from Wright Gate to South Gate
during a 2-hour lunch period on weekdays over 7 weeks and for special events
throughout the 90-day pilot. Electric vehicle charging infrastructure is critical in
meeting operational goals of the AV fleet. The AV operated using a geo-fenced mapped
route which required 3 weeks for the technology to establish prior to transportation
service availability, much longer than the anticipated few days planned for mapping.
The AV operated successfully for 8,900 minutes of scheduled service, but inclement
weather was a constraint. Existing roadway infrastructure on JBM-HH was capable of
accommodating the AV, but the low 4 inch clearance was problematic at security check
points, and maneuvering the vehicle on a 7% grade was challenging. Optimizing AV
operations would require additions and modifications to loading/unloading areas,
traffic signals, and other communication infrastructure. The AV team required parking,
charging, maintenance, and office space on the installation during operations. Future
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infrastructure investment on installations should consider technology that
communicates and integrates with AV systems as part of their planning process.

2.1.2 Energy and Economy

The energy and economy LOE analyzed vehicle control unit and telemetry data to
conduct an energy consumption study with a comparative analysis of the battery
management system data to the vehicle operational limits. Battery drainage of the AV
was higher than expected during operations and is a constraint. While the average
range for the AV specifications was 20 miles for maximum load and 35 miles nominal,
the realized range was on the order of 16 to 19 miles, or approximately 55% of
nominal. Cost of operational energy for the AV ranged from $0.05 to $0.08/mile driven;
and $0.26 to $0.30/hr of operation during fixed route transportation service based
upon the current price at JBM-HH of $0.07/kWh. Efficiency of AV operation ranged
from 0.69 kWh/mile to 1.14 kWh/mile. A 10% loss in energy between the charging
station power required and the battery charge received was observed in the data,
which is a reasonable planning factor for converting operational energy demand to
supplied energy. Energy usage and consumption for AVs varies greatly with context of
operations. The data sets were disparate and difficult to integrate for evaluation of
energy use, miles driven, hours of operation, vehicle status, and location in a time
sequence that allows detailed econometric analysis. Future data indexing and
collection should consider this in the data architecture design stage for determining
data collection frequency, latency, and integration goals of the project.

2.1.3 Data Architecture and Cyber Security

The data architecture and cyber security LOE collected and analyzed data from AV
sensors including LiDAR, radar, cameras, and vehicle telemetry data of 92,092 files at 6
terabytes which were transferred to a secure federal government cloud storage and
are available for future data mining and analysis. The AV data and processing system on
the vehicle had no reliance upon external network access which resulted in high
security but a lack of real-time data transfer. Data transfer into secure government
cloud storage occurred manually through periodic offloading via portable hard drives
and overnight uploading with secure offsite internet connections. Edge computing and
realtime data were limited highlighting the trade-off between risk and value. A
standardized mechanism for indexing data from various sources of AV technology
systems is needed to establish a solid data architecture and allow common data
queries and effective application of post processing methods and data analysis.
Developing and documenting physical, operational, communications, and cyber
security assessment protocols will require further research studies and use-case
applications with multiple AV technologies at varied installation locations with diverse
missions. Both the data environment and the applications require an integrated
security approach that is currently ill defined in the 4G and 5G networks.
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2.1.4 Data Analytics

The data analytics LOE examined potential exploitation of AV data for second order
impacts that may benefit the installation. AV sensors and technology are deployed to
prioritize and optimize data gathering and decision making for vehicle maneuver and
navigation, and most of the artificial intelligence (Al) and data integration software for
this purpose are proprietary products. Therefore, optimizing additional data analytics
may require enhanced or additional sensors in the system. Reliability of the AV was
uncertain based upon instances of hard reboot requirements for the onboard system
which resulted in AV inoperability and data incongruity. Apparent fragility of the
technology stack and integration with the AV sensor package demonstrated a need for
continued development of more robust and resilient data processing and technology
systems. A framework to count passengers onboard the AV with acceptable reliability
using Al Cognitive Services was developed, but an effort to determine queue length of
vehicles behind the AV through Al failed due to the low position of the external camera
on the rear of the vehicle. Data mining review by time/location for incidents involving
safety steward takeover of AV are possible but proved extremely time consuming.
Integration of GPS or other location data is essential for real time data analytics. Edge
computing use-cases that are most beneficial to installations for real time analytics
should drive future investment in Al and supplementary sensor integration into current
AV technology.

2.1.5 Human Factors

The human factors LOE examined the results of over 379 service members, families,
and guests who rode the AV, with additional feedback from other users of the JBM-HH
transportation system interacting with the AV as non-passengers. 154 surveys were
gathered for analysis of trust in autonomy, basic demographics, and perception of
safety. Results show AVs provide a perceived value to the installation and are
considered intelligent, but comfort and trust have mixed responses. Riding the AV
tended to increase trust in the vehicle. Ridership was much lower than expected, but
may be attributed to limited duration and extent of deployment, lack of advance
marketing or advertising, and challenge in changing human habits and behavior. Riders
and non-riders want more transportation options on JBM-HH, but achieving the “first
and last mile’ demands of users is a challenge and a better outreach mechanism is
needed to inform people about the AV and its capabilities with links to transit hubs.
Field observation determined low ridership for three primary reasons: 1) People
wanted to know when and where Olli was operating and didn’t have that information,
2) People didn’t think it was safe and didn’t realize the person onboard was a safety
steward that could intervene if needed, 3) People didn’t realize it was available for
rides after the mapping period and did not know it was free of charge. The social
nature of transportation adds complexity to AV and human interaction. The project
survey data did not detect before and after perceptions of the safety of the AV,
highlighting an opportunity for future research related to safety and how trust is gained
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or lost through the use of technology.

2.1.6 Planning and Policy

The planning and policy LOE determined that the state of AV technology systems,
government regulation, and product integration into the market is not yet mature
enough to recommend formal policy and procedures for military installations to adopt
AV systems into their formal fleets. However, this study serves as a foundational
baseline for future AV studies and the findings highlighted the need for more
installation pilots to examine other AV systems deployed in varied use-cases, climates,
topographies, and community settings. The project had no AV related injuries or
crashes, however the low maximum speed of 12 mph disrupted normal traffic flow and
identified a trade-off between risk and value, or risk and efficiency that requires more
AV experience and technology development to determine policy. The use of AV
technology must be incorporated with already proven transportation planning
methodologies to ensure a holistic and deliberate approach that integrates
transportation demands, origin/destination studies, infrastructure support, workforce
requirements, user acceptance, accessibility, and local/state governance compliance on
public roads.

2.1.7 Program Integration

The program integration LOE is an ongoing effort that explores how the application of
AVs on installations impacts mission readiness and mission assurance in their function
as Strategic Staging Areas under multi-domain operations and in the joint/interagency
environment. Mission assurance impacts were examined through the 17 mission
assurance areas that DOD has used to operationalize resilience. AVs demonstrated
potential to impact each of these areas if an enduring and compelling use-case and
supporting infrastructure is developed. Unmanned transportation services for
personnel or supplies during a pandemic is one such use-case that can enhance mission
assurance across DOD and varied mission sets. AV technologies present opportunities
to improve mission readiness/mission assurance and inform decision makers at
installations, as well as leverage regional planning approaches that extend into the
military installation community where much of the national and generating forces and
their families live and work. The JBM-HH project is planned to expand into the
surrounding community through cooperative efforts with state and local governments
of the Northern Virginia Regional Commission (NVRC) pending funds availability. A ‘way
forward’ matrix is proposed that identifies strategic future smart bases and AV pilot
locations, geography/climates, academic partners, and joint force mission sets for a
structured research and development framework that builds upon this foundational
project.

Constraints

The project was exploratory research helping to better understand context and lay the
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foundation for further studies and demonstrations. The constraint of exploratory
research is the smaller sample sizes, and hence the results cannot always be broadly
interpreted and generalized. Exploratory research seeks to discover aspects of new
research and technology and reveal problems and phenomenon associated with it.
This exploratory research revealed additional questions and issues to take into
consideration in future projects, and determined research priorities within the LOEs.
Exploratory research is not well suited to derive a business case conclusion, but is
foundational for developing quantitative measures and future comparative case
studies.

3 CosT FRAMEWORK
3.1 Cost Analysis

The 90 day pilot at JBM-HH afforded the opportunity to test AV technology on an Army
installation. The cost of this 90-day pilot were shared by several participants: Local
Motors- providing the vehicle and operating personnel; JBM-HH- providing logistical and
promational support; and the US Army ERDC-CERL- supporting the research lines of
effort. The cost of the Olli itself has been estimate at $300,000. Local motors was
responsible for the costs associated with delivery and return of the vehicle to JBM-HH.
Local Motors provided two safety stewards and a project manager who were on site
daily. One of these onsite personnel had to physically deliver the vehicle hard drive to
their offices in National Harbor and back each day. JBM-HH provided the electricity for
the vehicle charging and supporting equipment (antenna, utilities at charging station,
etc). Two federal employees at JBM-HH took time prior to, during, and after the pilot to
coordinate all aspects of the pilot. Researchers at ERDC visited JBM-HH frequently
during the pilot to conduct surveys and collect data in each LOE. Costs associated with
the operation of the AV itself are included in Chapter 6.

4 ALTERNATIVES
4.1 Way Forward

As a single case study, this project serves as a foundation for future comparative cases
that will examine alternative AV solutions on installations. Chapter 6 of this report does
compare the existing diesel bus operation as the current alternative to the AV option
explored in the project. The JBM-HH project is planned to expand into the surrounding
community through cooperative efforts with state and local governments of the
Northern Virginia Regional Commission (NVRC) pending funds availability. A ‘way
forward’ matrix is proposed (Figure 4) that identifies strategic future smart bases and AV
pilot locations with known interest in future development, along with their unique
geography/climates, academic partners, and joint force mission sets for a proposed
structured research and development framework that builds upon this foundational
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project. An adequate sample of field sites and AV technologies is required before the
lessons learned from this single case study can be integrated into formalized installation
policy or regulation.

Joint Base Myer-
Henderson Hall &
Pentagon,
Virginia

Ft Carson,
Colorado

Miramar Marine
Corps Air Statian,
Naval Base San
Diego

Ft Leonard
Wood, Missouri

Redstone
Arsenal, Alabama

Ft Benning,
Georgia

Rantoul and
Champaign, IL

Urban environment, Atlantic
coast, four seasons

Mountains and high plains,
high altitudes, four seasons

Desert and low mountains,
Southwest temperate and
Pacific coast

Woodland, Midwest four
seasons

South-east region, low
altitude, high heat and
humidity

South-east region, varied
terrain, high heat and
humidity

Midwest plains, four
seasons, intermodal

George Mason University and
Virginia Tech

University of Colorado - Boulder

University of California — San
Diego

Missouri University of Science
and Technology

University of Alabama

Georgia Tech University

University of Illinois

Washington DC
headquarters support

Combat Deployment: 4"
Infantry Division (5
brigades)

Combat Deployment:
Marine Air Wing
National Force: Shipyard
and Naval Support Group

Institutional Training: Basic,
Driver, Convoy, Engineer

Sustainment: Army Materiel
Command

Combat Deployment and
Institutional Training

Smart Installation and
Autonomy Research

transportation

Figure 4. Proposed "Way Forward” to investigate AV and smart base technologies

JBM-HH: This opportunity extends the route from JBM-HH to the Pentagon, and involves
navigating a signalized traffic intersection. Higher risks in a congested urban
environment, but higher visibility leading to higher ridership for ‘first/last mile’ needs.

Ft. Carson: This 2020-2021 pilot at Fort Carson, CO involves several AV use cases on an
Army installation. The deployments will broaden the range of uses for AVs on Army
installations, deepen the understanding of their impact, and can be compared to JBM-
HH.

MCAS Miramar: This location will host both a 90 day Olli pilot in 2020 and a deployment
of AV equipment in 2021-2022 yet to be determined. The 90 day Olli pilot will be
beneficial for honing the research techniques employed at JBM-HH.

Ft. Leonard Wood: Opportunity to test and evaluate smart base and AV technology on
an Army Installation and within a contingency base established as a field research lab.

Redstone Arsenal: Opportunity to test and evaluate smart base and AV technology on
an Army Installation related to sustainment and R&D missions

Ft. Benning: Opportunity to test and evaluate smart base and AV technology on an Army
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Installation with both combat deployment and training missions

Central lllinois: In close proximity to the ERDC laboratory, this location offers easy access
to researchers for testbed projects on AV operations, sensors, data analysis, human
interaction, policy and planning, and all lines of effort previously identified

5 Risk Assessment & Mitigation Strategies
5.1 Acquisition Risk

Technology advancements that improve the capability of AVs to address Army
installation use cases are moving forward quickly, however, several risks will likely
curtail adoption in the near term. These include sensors and data fusion, ongoing
maintenance of the technology, safety of riders, government regulations and questions
of liability and privacy, and cyber security. Risks discovered during the development,
testing, acquisition and fielding of AVs from the JBM-HH pilot follows.

5.1.1 Technical Risk

Technical risk focuses on whether a given product or technology will fail to perform as
intended or to a given set of requirements. In this context, the technical factors are still
evolving within research and development programs. The JBM-HH case study provides
the real world test environment to explore performance goals in an installation setting.

Sensors/Data Fusion: inability of sensors/software to correctly interpret and react in
complex driving environments. Such was the case in construction zones. The AV
sensors did not correctly asses the navigability of the constructions zones at JBM-HH.

Sustainment/Maintenance: Inadequate sustainment funds may prevent necessary
vehicle maintenance including hardware and software upgrades. For example, the Olli
AV utilized during the JBM-HH pilot has since developed a newer version with
additional capabilities and more complex systems.

Safety/Operating Environment: Challenge in collecting data and confidence that it will
meet current safety and performance requirements. A standardized safety certification
for AVs does not yet exist in industry or government regulatory framework.
Demonstrated safety or operational safety requires millions of miles of documented
performance, which takes significant time and still may not address a comprehensive
list of potential vehicle/person/environment scenarios. The pilot at JBM-HH produced
just under 1000 miles of operation.

Legal/Liability: government regulation, insurance, and privacy issues. The JBM-HH
pilot provided a unique environment for testing and research purposes, by not having
to abide by federal vehicle regulations, the extent of vehicle interactions was
somewhat limited and at low speeds. The vehicles were not proven on public roads
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where other vehicles and drivers could be less aware and may make improper
assumptions about driverless vehicles.

Cyber: Inadequate cyber mitigation strategies in architecture may increase
vulnerabilities and costs to sustain. During the JBM-HH pilot, there were negligible
cyber security concerns due to the limited connectivity of the Olli AV. However, that is
not the case with many other AVs, and even for newer models of the Olli. The risk
associated with cyber-attack and malicious hacking is real, and could be a source of
significant concern for transportation safety and security.

Human-to-Machine Interface: Ineffective communication and operational hand-off
between vehicle/safety steward is an ongoing challenge for AVs that retain a ‘human in
the loop’ component. During the pilot at JBM-HH, the number of trained safety
stewards was limited and their training was limited to on-site practice with the AVs and
roads on site. Operators of the AV were not the manufacturers or developing
engineers, so their knowledge of the vehicle is limited to what is necessary to operate
the vehicle on a day-to-day basis.

5.1.2 Business Risk

In the context of AVs, the consensus is AVs are going to be deployed in our cities within
the next ten years. Recruitment of soldiers is challenging when you are asking them to
disconnect from the smart city environment that they are accustomed to, and move to
living on an installation that does not provide the latest technology and transportation
options. Installations may consider not adopting AVs on the installation as a business
risk until AVs are proven to be reliable and affordable.

Adversary Risk

Any technology deployed onto an Army installation could be subject to attack or
exploitation by a future adversary. AVs will have to anticipate and defend against a full
spectrum of malicious attackers wielding both traditional cyber-attacks and a new
generation of attacks based on so-called adversarial machine learning. Olli operated
independently—not connected to a network, and thus data security revolved around
the physical security of the hard drive on the vehicle that houses the data. This is not
realistic for all deployments. Connected features are essential, and adversary risk will
exist at the enterprise level. The vehicle can also operate in manual mode. Without the
presence of a safety steward, there exists the possibility of an unintended manual
takeover by an adversary. If a kinetic attack occurs, this could even happen with a
safety steward on board.

Mitigation Strategies

The current strategy to mitigate potential risks associated with AVs is a safety steward
on board the vehicle. This single operator is required in the vehicle to monitor and take
over when necessary. Safety stewards also accommodate accumulation of contextual
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data for safety verification of the AV. They can also recognize potential compromise
and take back control of vehicle under cyber-attacks, inclement weather, or vehicle
malfunctions. However, the presence of safety stewards adds to the cost of operating
the AV and presents the challenge of machine-to-human operational hand-off.

6 Return on Investment
6.1 Quantifiable and Non-Quantifiable Benefits

The use of AVs yields several quantifiable and non-quantifiable benefits. Specific
examples captured during the 90 day pilot with the Olli at JBM-HH are included in this
chapter.

6.1.1 Quantifiable Benefits

Benefits which were quantified during this pilot include energy costs saved compared to
current practices.

6.1.1.1 Reduced Cost

The Olli has an average operational energy cost of $0.065 per mile, whereas the cost to
operate the Myer Flyer is $0.329 per mile. Assuming the shuttle route could be
completed with either vehicle, the AV represents a significant savings in energy costs to
operate.

6.1.2 Non-Quantifiable Benefits

Non-quantifiable benefits incurred during this pilot included: reduced emissions,
reduced noise, reduced roadway degradation. Benefits which were not garnered from
this pilot, but which could be potentially gained from AVs permanently deployed include
increase morale if perceived ‘smart transportation’ improves quality of life; and
increased transportation synergy and responsiveness if AVs are effectively integrated
into the broader transportation network.

6.1.2.1 Reduced Emissions

The electric motor powered Olli produced no emissions during its operation. The
elimination of combustion products is a significant benefit when looking at the overall
impact of AVs on our environment and sustainability. If an AV were to replace a
transportation alternative that did produce emissions, the reduction in emissions could
be measured. However, for this pilot, the Olli operated in conjunction with existing
public transportation options and therefore did not reduce overall emissions.

6.1.2.2 Reduced Noise Pollution

Similarly to emissions, the electric motor was silent and therefore did not produce
noise pollution. Thisis a benefit in that any kind of pollution reduction improves
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sustainability and minimizes environmental impacts. The noise reduction was viewed
positively at JBM-HH due to its proximity to Arlington National Cemetery with the
somber and reflective quality desired in this context. However, one drawback from a
safety perspective is the lack of warning this vehicle provides to pedestrians, due to the
guietness of operation.

6.2 Costs and Benefits Comparison

In this section we compare aspects of the AV to the status quo diesel bus operating as
the Myer Flyer at JBM-HH.

6.2.1 Operations Cost Comparison

A direct comparison of operation was conducted as a way to evaluate the cost-
estimated difference between the currently in place 200hp diesel bus (Myer Flyer) and
the Olli autonomous-electric vehicle to determine if the Olli would be a viable
alternative for transporting individuals to and from JBM-HH and the Pentagon. Costs for
mileage, lease, and a driver’s hourly wage to operate each vehicle were determined,
and a comparative analysis was completed assuming maximum utilization of both
vehicles as the extreme case. In this comparison, it is assumed that the route will be
operational Monday through Friday, for seven hours per day, resulting in an estimated
14,560 miles driven annually (based on information received from JBM-HH).

The cost to operate the Myer Flyer is $0.329 per mile. Over the course of a day (56
miles), this amounts to roughly $18.42 in operational costs, or $4,790.24 annually. The
average passenger car operates at $0.076 per mile. Thus, the Myer Flyer costs roughly
4.3 times more in operational cost per mile than typical personal transportation. The
average cost per passenger on the Myer Flyer is $0.275 for a 2 mile trip. Individuals
would spend roughly $0.15 in operational costs to travel the same 2 mile route that the
Myer Flyer services, but in their own personal vehicles. Increasing the number of
passengers in either case reduces the operational cost per passenger proportionally.
However, the Myer Flyer acts as a free service to riders meaning that individuals
wanting to use the shuttle’s service would not be prompted to pay any operational cost,
while those taking personal transportation would. Cost comparisons are outlined in the
table below.
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Table 1. Comparisons between Myer Flyer and Olli

Current Mode Proposed Mode

Vehicle dard Bus (Myer Flyer) Electric - Automated Vehicle {Olli)
. . 135hp M 40hp Conti Electric Mot
Power source 200hp Diesel Engine R Max/ Prelid o ‘e Fie Mator
{100kW Max / 30kW Continous)
Passenger Capacity 20 person 8 person
\ t GSA Fleet Local Motors
Operation M-F, 7 hours per day M-F, 7 hours per day
Route 14,560 miles annually 14,560 miles annually
Costs Annual Cost Cost Annual Cost
0.05 to $0.08 per mile
Mileage Cost $0.329 per mile $4,790.24 e $ B $1,041.04
($0.065 Average)
Cost Per Passenger $0.275 per trip - $0.06 per trip -
Lease $28.83 per month $345.96 $1000 per day $365,000.00
Driver Cost Driver, $27.51/hr, 8 hours per day| $57,220.80 Safety Steward, 530/‘hr, 8 hours per day $62,400.00
{Included in Lease)
Total: $62,357.00 Total: $428,441.04

The Olli has a significantly less operational cost as compared to the Myer Flyer shuttle.
The Olli has an average operational cost of $0.065 per mile with an assumed 10% loss of
electricity during charging. Thus, the Olli would cost $4.00 per day or $1,041.04
annually. This represents a savings of $3,749.20 compared to the Myer Flyer. The Olli
cost is $0.060 per passenger for each 2 mile trip. This is 8 times less than the Myer Flyer
and slightly less than a typical passenger car. However, like the Myer Flyer, the Olli
would be a free service to the passengers. These estimates only reflect the cost to
operate the vehicle, and do not include maintenance, ownership/lease, or driver/safety
steward.

The diesel bus or the Olli would be leased from the GSA Fleet or Local Motors
respectively. This represents a large difference in cost given that the lease of the diesel
bus would be a mere $28.83 per month while the Olli is priced at $30,000 per month
(based on $1,000 per day). However, the Olli’s lease includes the salary of the safety
steward that maintains control of the vehicle in the event that human intervention is
necessary. The salary of the Myer Flyer’s operator is not included in its lease. Annually,
the Olli lease is $365,000.00, including the safety steward’s salary, while the diesel bus is
$345.96, not including the driver’s salary.

The salary of the operators for the diesel bus and the Olli are more com-parable. The
hourly wage for the current diesel bus driver is $27.51 per hour for eight hours a day.
This gives the driver a salary of roughly $57,220.80. The Olli's operator would get a
similar wage of $30 per hour for eight hours a day, for an annual salary of $62,400;
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however, as mentioned, this salary is included within the lease of the Olli. Due to the
Olli's autonomy, the safety steward could theoretically be phased out over time. This
would reduce the overall annual cost by a factor of the steward’s salary, which would be
a significant portion of the Olli’s price.

The Olli does partially compensate for a higher lease price by its operational efficiency
over the diesel shuttle bus. From test data collected at JBM-HH, the Olli cost between
$0.05 to $0.08 per mile. Over the roughly 14,560 miles expected to be driven by the
shuttle annually, this would produce a minimum, maximum, and average annual cost of
$728.00, $1,164.80, and $946.40 respectively. As for the diesel bus, it costs
approximately $0.329 per mile according to the fleet manager’s calculations, reflecting
an annual cost of $4,790.24. The Myer Flyer costs approximately $3,749.20 more
annually to operate than the Olli.

Similar findings to this JBM-HH project resulted from a study done by Ohio State
University in 2017 referencing the same make and model of the Olli and similar analysis
comparing the use of an Olli to transport university materials across campus and act as a
secondary mode of transportation for students as opposed to the university’s fleet
vehicles and shuttles (Henderson, et al, 2017, “Feasibility of Electric Autonomous
Vehicles on Ohio State University Campus”). Ohio State University concluded that even
purchasing an Olli from Local Motors outright was not a viable solution as the price of
the technology still supersedes that of using a fleet vehicle or a shuttle to do the same
task currently. The Olli out-performed in operational and maintenance costs of both the
fleet vehicle and shuttle in the university’s study, as well as went on to produce less
carbon emissions overall. In the end, the initial $275,000.00 price tag of the Olli greatly
outweighed that of the fleet vehicle and shuttle combined, regardless of any additional
cost saved on fuel and maintenance.

Ultimately, the total cost comparison between the diesel bus and the Olli are
operationally incomparable as the AV was only low speed and limited to on installation
operation. It is roughly 6.9 times more financially efficient to operate the diesel bus as
compared to the Olli, with the diesel bus having a yearly operational cost of roughly
$62,357.00, while the Olli’'s would be $428,128.00. A vast majority of the diesel bus’s
yearly cost is allotted to the salary of the operator, which is roughly $57,220.80 as
stated. This leaves a price of $6,703.96 to both lease and operate the bus on the
determined route for the entire year. The relatively higher cost of the Olli is primarily
due to the annual lease from Local Motors. Regardless of options to lease or purchase
an Olli outright, the annual cost difference would still greatly outweigh that of the diesel
bus, and documenting on-going maintenance and repair costs for extensive use of the
Olli were beyond the scope of this project.

6.2.2 Transport Cost Comparison

The main considerations of public transportation options are capacity, serviceability,
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and efficiency when comparing alternatives. This section takes a transit services
viewpoint to analyze and compare passenger travel options. The analysis is based on
observations of the #9 shuttle route that provides passenger service from JBM-HH to
the Pentagon’s Transit Center using data and estimates for maximum capacity, person
miles traveled, as well as the person-hours travelled annually. The comparison contrasts
the Myer Flyer shuttle on the same route by either the Olli autonomous-electric vehicle
or a personal passenger vehicle. The following costs have been assumed: national
average gas mileage of 24.2 miles per gallon; national average cost of $1.841 per gallon
of gas.

6.2.2.1 Mpyer Flyer Analysis

The Myer Flyer is one of 2 public transit systems between JBM-HH and the Pentagon,
servicing an average of 67 individuals per day with a maximum capacity of 20
passengers at a given time. The Myer Flyer services the route for a total of seven hours a
day during peak transit times in the morning and afternoon, five days a week, during
every week of the year. The route is roughly four miles in length, round trip, taking
roughly half an hour including multiple stops along the way. Thus, the total vehicle
miles of travel (VMT) per day is 56 VMT or 14,560 VMT annually. For the purposes of
this analysis, we assume the average passenger travels two miles during his or her ride.
Thus, the total person miles of travel (PMT) is 134 PMT per day, or 34,840 PMT annually.
The ratio of PMT ta VMT for the Myer Flyer is 2.4.

Comparatively, a person driving their own car for any distance, the ratio of PMT to VMT
is 1. For each additional passenger, the ratio doubles. Thus, the Myer Flyer represents
the equivalent of a 2-3 person carpool. We note that it is unlikely that the Myer Flyer
has approximately 2.4 passengers onboard at all times. Rather, it is likely that during
periods of peak travel, there are higher numbers of passengers, and zero at other times.
The maximum ratio of PMT to VMT attainable by the Myer Flyer could be 20.0 when all
seats are filled, which is 4 times greater than an average passenger car’s maximum ratio
of 5.0.

For the Myer Flyer passenger onboard for 2 miles, he or she spends roughly 15 minutes
traveling on the shuttle, thus accounting for 16.75 person hours travelled (PHT) per day
(based on the average daily passenger count of 67). Annually, the Myer Flyer averages
4,355 person hours travelled (PHT), compared with 1,820 vehicle hours travelled (VHT).
The ratio of PHT to VHT is also 2.4.

6.2.2.2 Olli Analysis

The Olli shuttle would theoretically yield the same results as the Myer Flyer for the
vehicle and person miles travelled analysis along the JBM-HH #9 shuttle route. Utilizing
similar ridership as the Myer Flyer, the Olli would achieve a PMT to VMT ratio of 2.4
(same as the current shuttle). Coincidentally, this is comparable to a 2-3 person carpool.
The maximum ratio of PMT to VMT is 8, which would be achieved when the Olliis
operating at maximum capacity. This ratio is less than half of the Myer Flyer's maximum
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ratio of 20, though still greater than a typical personal vehicle’s ratio of 5. Due to the
Olli’s reduced capacity compared to the Myer Flyer, total volume of passengers
transported along the route may suffer during peak transit times when demand is
higher than what the Olli can support.

Assuming similar operation parameters as the Myer Flyer, passengers would spend
roughly 15 minutes in transit along the 2 mile distance from the Pentagon Transit Center
to JBM-HH, accounting for 16.75 Person-Hours travelled per day for 67 passengers a day
average. An average of 4,355 PHT and roughly 1,820 VHT would likely be observed
creating a ratio of PHT to VHT of 2.4.

Bill payers, Offsets or Tradeoffs

At JBM-HH, the bill for the Myer Flyer is covered by the Transportation Division of the
Logistics Office. It is assumed the same office would cover the bill for an AV at JBM-HH.
However, seeing as the overall cost of an AV (the Olli example explicated in section 6.2)
is currently higher than traditional shuttles vehicles, additional funding sources would
be necessary.

Second and Third Order Effects

Costs associated with smart infrastructure, signage, advertising, storage, maintenance,
upgrades and disposal of physical aspects are all relevant when considering AV
technology. However, the cost to capture, store, process, and safeguard data generated
may be significant as well. AV technology is rapidly developing, such that what is
popular and feasible now, may outdated in just a few years. The costs to update or
replace with newer technology can be an ongoing expense. Data system integration,
archiving, and safeguarding adds significant burden of management attention and direct
cost for data storage. Documenting quantitative costs for these effects was beyond the
scope of this project, but planning factors for these anticipated costs are an opportunity
for future research.

7 Results, Recommendations and Conclusion

7.1 Results of Analysis

This project was a joint collaboration of the Army, Marine Corps, and industry elements
to plan, develop, demonstrate, and employ autonomous vehicle (AV) technologies at
Joint Base Myer-Henderson Hall (JBM-HH) for a 90-day pilot study from June19th to
September 27th, 2019 in order to evaluate the commercially-available Olli AV and assess
the potential to enhance mission assurance and readiness, reduce base operating costs,
improve safety and quality of life for military service members and their families, and
provide transportation services more efficiently and effectively. Successful performance
on JBM-HH during this time frame offers expansion into the surrounding community
through cooperative efforts with state and local governments of the Northern Virginia

FOR OFFICIAL USE ONLY 9/1/2020



ERDC/CERL TR-20-9 167

Autonomous Vehicle Shuttle Business Case Analysis Report

Regional Commission (NVRC). This project advances past research and will enhance
installation understanding of the process, infrastructure, human factors, and data
systems involved in AV deployments in order to leverage it for internal optimization and
protect it from external exploitation.

People: Over 379 service members, families, and guests at JBM-HH had the opportunity
to ride the Olli AV, with many more interactions occurring while utilizing the base
transportation system. Over 154 surveys were gathered for feedback on their
experiences during the 90-day deployment.

Product: AVs provided shuttle service along the main routes of JBM-HH in a circular
pattern from Wright Gate to South Gate during a 2-hour lunch period on weekdays over
7 weeks and for special events throughout the 90-day pilot. Data from AV sensors
including LiDAR, radar, cameras, and vehicle telemetry of 92,092 files at 6 terabytes
were transferred to a secure federal government cloud storage for future data mining
and analysis. Vehicle control unit and telemetry data were evaluated as part of an
energy consumption study with a comparative analysis of the battery management
system data, the vehicle operational limits, and the existing GSA fleet diesel powered
vehicle used as a shuttle.

Policy: The successful deployment of AV technology on JBM-HH proved viability within
constraints, and sets the stage for Phases 2 and 3 within the surrounding community
and the Northern Virginia Region to further answer remaining research questions. The
current immaturity of fully autonomous vehicle technology limits wide deployment on
military installations. Lessons learned are shaping the current planning and
development of a Fort Carson, Colorado AV deployment and research projects for ERDC.
The policy and planning implications captured will be published with other AV case
studies, and inform development of military installation guidelines for AV technology in
the future.

Partnership: The JBM-HH pilot enhanced federal, state, local, academic, and commercial
sector cooperation and learning about AVs through weekly stakeholder synchronization
meetings during the 90-day pilot, an Educational Partnership Agreement between ERDC
and George Mason University, over 25 special AV events, and open invitations for
government agencies and the public to experience the JBM-HH pilot. Partnering to
demonstrate AV viability at JBM-HH while conducting research to quantify mission
readiness impacts, transportation system requirements and effects, and cost savings of
the technology introduced new relationships with several universities, USDOT, DHS,
AASHTO, Cooperative Automated Transportation Coalition, and various industry AV
manufacturers and providers.

7.2 Recommendations by LOE
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7.2.1 Infrastructure and Operations

Existing road and roadside infrastructure was adequate for AV deployment with no
major investments required to improve or change current system at JBM-HH prior to
the pilot. All roads were two-lane traffic and all intersections were stop sign-controlled.
An RDK antenna was provided by the contractor and temporarily installed on top of a
building during the deployment in order to ensure GPS accuracy of the AV during
operation.

Mapping and establishment of the base route took 3 weeks of AV on-site preparation,
and additional routes were not added later in the project due to the cost and resources
required to bring back the map-ping team, while the installation originally planned for
only days to accomplish this task. Consider if mapping can be done in advance or
develop standards and specifications for installation to deliver this to AV providers.

Traffic operations were sometimes impacted by the AV maximum speed of 12 mph
with queues forming behind the AV. Numerous shuttle stop locations and two-lane
roads with curb and gutter on each side restricted pull-out locations for the AV during
fixed route operation restricting ability of other vehicles to pass the AV during
loading/unloading of passengers. Planned shuttle stops would preferably allow the AV
to pull over and stop for loading/unloading without impacting normal traffic
operations.

Sufficient quantity, type, and location of electric-powered vehicle charging stations is
critical for infrastructure and fleet management planning. One compatible and high-
speed charger was available for the two Olli AVs on JBM-HH and this was purchased by
the installation prior to the project and located in the AV storage garage.

Operation of the AV was constrained by inclement weather and darkness. Rain caused
stopping of operations due to safety concerns over sensor reliability and wheel
slippage. Heating and air conditioning caused increased battery usage. Operation was
only in daylight during the summer, but cold weather and darkness would be expected
to increase battery usage for heating and lighting.

Operation of AV constrained by environmental conditions. Examples included
‘unlearned’ scenarios of road construction, parked buses, or incidents requiring off-
tracking from geo-fenced and mapped areas. Steeper grade of 7% from Wright Gate to
Stop #3 increased battery usage and slowed the AV challenging its climbing and
maneuver capability. Navigating over steel spike security strips employed at both
Wright Gate and South Gate resulted in damage to one AV rendering it inoperable for
one week. Typical ground clearance of the Olli with passengers was 4 inches and for
military installation applications should be higher and similar to standard highway
automobiles.
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AV operations team required designated work space for team meetings, vehicle and
tool storage and maintenance, data download, and standard office functions. The
installation maintenance bay provided to the AV team was mostly adequate for the
pilot, except for data transmission which occurred offsite. Ideally high-speed internet
or 5G access along with a more robust office setting sized for the AV fleet and team
would be incorporated into the AV parking and maintenance location.

7.2.2 Energy and Economy

Battery drainage of the AV was higher than expected during operations and is a
constraint. While the average range for the AV specifications was 20 miles for
maximum load and 35 miles nominal, the realized range was on the order of 16 to 19
miles, or approximately 55% of nominal. A single fast AV charging station was installed
on the military installation and used to alternatively charge the two AVs.

The Olli has a maximum battery capacity of 18.5 kWh, but the fleet manager protocol
was to ensure charge stayed above 20% of battery, thus if the vehicle did drop to 25%,
the safety steward would immediately drive the vehicle back to the charging station
location to ensure the vehicle did not lose power in a manner or place that was unsafe.
This business practice should be considered in route selection, charger location, and
overall planning.

Cost of operational energy for the AV ranged from $0.05 to $0.08/mile driven; and
$0.26 to $0.30/hr of operation during fixed route transportation service based upon
the current price at JBM-HH of $0.07/kWh. Efficiency of AV operation ranged from
0.69 kWh/mile to 1.14 kWh/mile. Energy usage and consumption for AVs varies with
context of operations to include topography, temperature, vehicle and cargo weight,
acceleration/deceleration zones, and additional battery loads such as heating/air
conditioning, frequency of opening and closing of doors.

A 10% loss in energy between the charging station power required and the battery
charge received was observed in the data. Thisis a reasonable planning factor for
converting operational energy demand to supplied energy and cost.

Developing language for competitively bid AV mobility service should consider energy
requirements and performance and whether government or contractor is responsible
for each.

The data sets from the AV are disparate and difficult to integrate for evaluation of
energy use, miles driven, hours of operation, vehicle status, and location in a time
sequence that allows detailed econometric analysis. Future data indexing and
collection should consider this in the data architecture design stage for determining
data collection frequency, latency, and integration goals of the project.
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Understanding the full range of data collected by the vehicle control unit and battery
management system is useful in developing use-cases for AV sensor data and second-
order benefits of AV deployments such as condition assessments, facility monitoring, or
emergency operations notifications.

7.2.3 Data Architecture and Cyber Security

A standardized mechanism for indexing data from various sources of AV technology
systems is needed to establish a solid data architecture and allow common data
queries and effective application of post processing methods and data analysis.

Data security for project was high, however, this was primarily due to the self-
containment of the AV system on the vehicle with no reliance upon any external
network access. Although this was secure, it also resulted in a lack of real-time data
transfer. Data transfer into secure government cloud storage occurred manually
through period-ic offloading via portable hard drives and overnight uploading with
secure offsite internet connections. Edge computing and realtime data were limited in
this configuration. This highlights the trade-off be-tween risk and value.

Reliability of the AV was uncertain based upon instances of hard re-boot requirements
for the onboard system which resulted in AV in-operability. Apparent fragility of the
technology stack and integration with the AV sensor package demonstrated a need for
continued development of more robust and resilient data processing and technology
systems.

Sharing data requires a specific intergovernmental agreement or memorandum of
understanding that entails extensive legal review and is complex. Data sensitivity,
privacy, ownership, stewardship, re-porting, restrictions, and disclosure are all
important considerations.

The AV fleet manager or a key person on the AV delivery team needs to have CAC-
access to the DOD network if they will interact with a DOD-approved system. This was
not required during this pilot, but was noted as important for future considerations and
data sharing.

Developing and documenting physical, operational, communications, and cyber
security assessment protocols will require further research studies and use-case
applications with multiple AV technologies at varied installation locations with diverse
missions. Both the data environment and the applications require an integrated
security approach that is currently ill defined in the 4G and 5G networks.

7.2.4 Data Analytics

AV sensors and technology are deployed to prioritize and optimize data gathering and
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decision making for vehicle maneuver and navigation. Most of the artificial intelligence
and data integration soft-ware for this purpose are proprietary products.

Raw sensor data from AV LiDAR and cameras were processed into video feeds for visual
assessments and review, however, this was not done in real-time and requires large
data storage capacity for HD video files. Video analysis of safety steward interventions
proved challenging as searching accurate time stamps for interventions and viewing
various sensor data to fully understand context was extremely time consuming.

ERDC developed a framework to count passengers onboard the AV with acceptable
reliability using Artificial Intelligence (Al) and Cognitive Services.

ERDC attempted to use Cognitive Services to develop an Al frame-work to determine
queue length of vehicles behind the AV, however, the external camera location on the
rear of the vehicle was too low to do so with acceptable reliability. Further research is
needed to determine if a camera on top of the AV or remote sensing is feasible for real
time queue detection.

Data mining review by time/location for incidents involving safety steward takeover of
AV are possible. Integration of GPS or other location data is essential for real time data
analytics.

Edge computing use-cases that are most beneficial to installations for real time
analytics should drive future investment in Al and supplementary sensor integration
into current AV technology.

7.2.5 Human Factors

A 21 question survey was approved through IRB process for human subject’s research
with 154 surveys used for analysis of trust in autonomy, basic demographics, and
perception of safety. Results show AVs provide a perceived value to the installation and
are considered intelligent, but comfort and trust have mixed responses. Riding the AV
tended to increase trust in the vehicle.

It is recommended to determine transportation goals, user origin/destination, and
mohility patterns prior to an extended AV implementation. Overall ridership was much
lower than expected, but may be attributed to limited duration and extent of
deployment, lack of advance marketing or advertising, and challenge in changing
human habits and behavior. After posting flyers with operational times and locations in
more public spaces there was an increase in ridership.

Survey results indicate that riders and non-riders want more transportation options on

JBM-HH, but achieving the ‘first and last mile’ demands of users is a challenge and a
better outreach mechanism is needed to inform people about the AV and its
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capabilities. Recommend transportation service to transit hubs and expanding
advertising beyond traditional public affairs print media to include social media, direct
messaging through chain of command, and marketing to key audiences.

Field observation determined low ridership for three primary rea-sons: 1) Some people
wanted to know when and where Olli was operating and didn’t have that information.
2) Some people who had not rode the vehicle didn’t think it was safe and didn’t realize
the person onboard was a safety steward who could intervene if needed. 3) Others
didn't realize the Olli was available for rides after the mapping period and did not know
it was free of charge as most transportation in the DC area has an associated cost.

Most riders thought Olli was safe and added value to the installation. However, the use
of safety stewards adds complexity to risks and riders’ safety perceptions. The project
survey data did not detect before and after perceptions of the safety of the AV, which
highlights the opportunity for future research related to safety and how trust is gained
or lost through the use of technology.

The social nature of transportation adds complexity to AV and human interaction. The
courtesy problem Building trust of an AV takes time, and safety is impacted by the fact
that humans often do not follow the law, i.e. crossing solid yellow lines, tailgating,
passing illegally, etc.

7.2.6 Planning and Policy

There were no safety incidences of personal injury for the duration of the pilot. Olli
errs on side of safety and comes to a full stop before any potential issues arise.
However, this behavior was disruptive to the existing traffic system, perceived by some
as overly conservative, and resulted in some drivers risking illegal maneuvers to avoid
the AV as noted in ‘human factors’. This identifies a trade-off between risk and value,
or risk and efficiency that requires more AV experience and technology development to
determine policy.

Historically, the federal government has approved commercial vehicle types to operate
on public roads at the level of the original equipment manufacturer, while state
governments have approved individual drivers as operators and licensed specific
vehicles. AVs combine these into a single entity and the design, crashworthiness,
licensing, and insuring is currently ill-defined and unstandardized. Working with
strategic partnerships like USDOT, states and regional partners near installations, and
AASHTO on other pilots will inform this on-going process so military installations can
integrate with the latest information, regulations, and priorities.

A long term transportation plan and study is needed to ‘right size’ AV fleet and

supporting infrastructure to meet both system goals and user objectives. This process
was compressed into a very short time period and done in reverse based upon
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available AV fleet and time period for the pilot study, but utilization of the
transportation service was suboptimal.

Review of current installation planning documents and policies demonstrates a gap in
addressing AVs. Developing a framework and guidance for future planning practice
related to vehicle and fleet management, work force development, data sharing,
security, legal, infrastructure and rights of way, and installation development
considerations will require additional AV pilots at more installations.

Engage with first responders and public safety officials in the planning process. To
ensure public safety, first responders and public safety officials (including police, fire,
emergency medical services, and towing) need to have ways to interact with AV during
emergencies. Responders and safety officials will need information and training to
safely interact with AVs—including how to disable the vehicle, how to react if it is on
fire, and how to move the vehicle.

Relationships and roles within the stakeholder group need to be clear. Participants ask
things of others that they think are simple, but in practice may be easier said than
done, or conversely, some hesitate to ask for fear of generating an overburdening
request.

Appropriate messaging, public engagement and education activities to promote
awareness, understanding, and acceptance of AVs, along with an engaged champion
for the effort contributes greatly to the success. Ongoing communication to AV users
and potential users with up to date information is also key to education and
engagement activities.

Workforce development impacted the project as key positions of fleet manager and
safety stewards were hired during the 90-day pilot. Planning for workforce hiring,
training, and integration with an on-going AV service will help in communication and
delivery of services on time.

7.2.7 Program Integration

Mission assurance impacts were examined through the 17 mission assurance areas that
DOD has used to operationalize resilience. AVs demonstrated potential to impact each
of these areas if an enduring and compelling use-case and supporting infrastructure is
developed. Unmanned transportation services for personnel or supplies during a
pandemic is one such use-case that can enhance mission assurance across DOD and
varied mission sets.

AV technologies present opportunities to improve mission readiness/mission assurance

and inform decision makers at installations, as well as leverage regional planning
approaches that extend into the military installation community where much of the
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national and generating forces and their families live and work.

ERDC is collaborating with current Army Futures Command-CCDC Ground Vehicle
Systems Center robotics and AFC Sustainment efforts. Findings of this project are fully
integrating with ERDC Robotics Engineer Operations for combat engineering tasks and
Ft Leonard Wood Contingency Base Technology Engineering Center AV test-bed.

Joint integration of the project is demonstrated by a follow-on re-search of an AV
installation deployment which is planned for Marine Corps Air Station Miramar
beginning in 2020, with potential to expand to Naval Base San Diego. Consultation with
Joint Base Andrews is ongoing for Air Force AV deployment contract development and
energy analysis.

The results from this project were shared at the kickoff meeting for the Fort Carson,
Colorado AV deployment and research project for ERDC which builds upon JBM-HH.
The policy and planning implications captured are shaping that effort and will be
reported to Congress to inform development of military installation guidelines for
smart installations and AV technology in the future

Multiple academic institution partnerships have resulted from this project. ERDC has
completed an Educational Partnership Agreement and Cooperative Research and
Development Agreement with George Mason University anticipating JBM-HH Phase 2,
and several other university agreements are pending for related projects.

The JBM-HH project is planned to expand into the surrounding community through
cooperative efforts with state and local governments of the Northern Virginia Regional
Commission (NVRC) pending funds availability.

This research built upon previous Army Research Lab and TARDEC ARIBO program for
wounded warriors at Ft. Bragg from 2015-2018

7.3 Value Proposition

Smart base and CAV pilots serve an important role in exploiting commercially available
technology on military installations. It is important to test and demonstrate existing AV
systems in operational situations in order to give personnel experience with the
systems’ capabilities, and then to develop requirements based on this experience. It is
also evident that there are some unique requirements for which the Army installations
must develop technologies that are existing gaps and not being pursued by the private
sector. The long term goal is to understand the data systems and processes involved in
CAV deployments in order to create systems-of-systems with enhanced data analytics
that not only facilitate transportation optimization, but deliver a broader situational
awareness to the commander and improve mission readiness. CAVs and onboard
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sensors can serve an integral function in providing visualization, notification,
automation, and fully informed decision-making at the installation operational level.
Thus, it is important for the Army to pursue the development of critical autonomous
vehicle-related technologies integrated with holistic installation concepts as Strategic
Staging Areas to accomplish future army missions.
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Appendix B: Comprehensive List of
Stakeholders

STAKEHOLDER / WORKING GROUP MEMBER ROLES / ACTIVITIES

Federal Government

US Army

Engineer Research and Development Center

Manage research activities

Office of the Assistant Secretary of the Army, IE&E

Manage pilot coordination/publicity across Army

US Army Tank Automotive Command

US Army Installation Management Command

Fort Carson

Pursuing AV pilot in FY20

Joint Base McGuire-Dix-Lakehurst

Interested in pursuing AV pilot

US Air Force

Joint Base Andrews

Interested in pursuing AV pilot

US Navy

Marine Corps Installation Command, Joint Integration
Team

Air Station Miramar

Pursuing AV pilot with the Olli in FY20

US Department of Transportation

National Highway Traffic Safety Administration
(NHTSA)

NHTSA carries out highway safety programs by setting and
enforcing safety performance standards for motor vehicles
and equipment

Volpe

Research

Washington Headquarters Service (WHS)

Invitational Rider

U.S. Government Accountability Office on Installation
Infrastructure Management Issues

Invitational Rider

Installation, State, and Local Government

Joint Base Myer-Henderson Hall

Garrison Command Office (Headquarters) Oversight

PAIO and Network Enterprise Center Route Selection
Public Affairs Office Media/Outreach
Directorate of Public Works Mapping/Storage
Directorate of Emergency Services

Directorate of Plans, Training, Mobilization, Security | Security/Citations

Safety Office

Security and traffic violations

Logistics Readiness Center

Invitational Rider

Family Morale, Welfare and Recreation

Invitational Rider

Equal Employment Office

Invitational Rider

Child Development Center

Outreach

Battalion Headquarters

Invitational Rider

Pentagram

Outreach. Published routine articles regarding operations
and milestones

Virginia Department of Transportation

AV exploration

Virginia Department of Rail and Public Transportation

Transit application

Northern Virginia Regional Commission

Community and Military Liaison - Outreach
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Arlington County Government

Roadway

Autonomous Vehicles Working Group, Office of the
Deputy Mayor for Planning and Economic
Development, District of Columbia

Invitation Rider

Fairfax County Government

Invitational Rider

Loudoun County Delegation

Invitational Rider

Greater Washington Region Clean Cities Coalition

Invitational Rider

Northern Virginia Transportation Commission

Invitational Rider

Staff of Congressional Election Officials

Invitational Rider

City of Alexandria, Department of Public Works

Invitational Rider

Local Motors

AV provider and operator

Robotics Research

AV driving system provider

Barbaricum AV exploration
Rand Corporation AV exploration
Booz Allen Hamilton AV exploration

Converge Strategies

Invitational Rider

Dominion Energy

Invitational Rider

National and Local Transportation Engineers (ITE)

Invitational Rider

Blue Star Families

Invitational Rider

American Association of Retired Persons (AARP)

Invitational Rider

[Academi(industry

George Mason University

AV exploration

Virginia Polytechnic Institute and State University

AV exploration
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Appendix C: Detailed List of PAIO Activities

Cc1l

C.2

C3

Acquisition Phase

Pursued options to bringing AV operations on base.

Submitted a proposal with MCICOM and NVRC for the Greater Wash-
ington Olli Fleet Challenge.

Established a Memorandum of Agreement (MOA) between ERDC-
CERL, JBM-HH, and MCICOM, which served as the guiding authority-
to-operate the Olli AVs on the installation.

Planning phase

Allocated garage space at DPW maintenance building for two Olli AVs
along with office space for the fleet manager.

Procured charging equipment for AVs (approx. $3,000) and oversaw
installation of the equipment by Directorate of Public Works.

Defined AV shuttle route and operation times with Safety Office.
Acquired permission for Local Motors to install a communication an-
tenna on base. An RTK antenna was provided by the contractor and
temporarily installed on top of a building during the pilot to ensure
GPS accuracy of the AVs during operation.

Ensured Local Motors fleet manager and safety stewards had access to
base.

Determined what, if any, rules for ridership were necessary (e.g., age
restrictions, signed liability waivers).

Organized Directorate of Emergency Services to inspect the Olli AVs.
Directorate of Emergency Services devised action plans for how to han-
dle Olli during emergency situations.

Learned how to drive Olli in case of emergency.

Participated in route mapping for local expertise of infrastructure and
traffic patterns.

Operation phase

Established a private online calendar to schedule Phase 1A invitational
rides and maintain awareness of when Olli was operating and who was
riding.

Invited all departments on base to ride Olli during Phase 1A.
Participated in all invitational ride events to answer questions and pro-
vide JBM-HH perspective of the pilot.
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e Supported marketing initiatives including emails, flyers, and newslet-
ter articles in coordination with PAO.

C.4 Closeout phase

e Participated in after-action reviews.
e Ensured all equipment was safely removed from base.
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Appendix D: Partial Pentagram Articles

JBM-HH Tax Center identifies
more than $3 million in refunds

By Katrina Moses
Pentagram StaffWriter

The Joint Base Myer-Flenderson Hall Tax Center's clos-
ing ceremony was heid May 1, and the numbers show how
‘much preparers helped customers this year,

‘The tax center is open to milirary, their spouses, military
retirees and their spouses. For the last five years, the center
worked oty with the Army and Marnes.

“To the tax preparers, I told you — you were going to
make a difference and you did,” said Col. Francizco Vila,

ington. “Look at all the money people walked away with.”
According to JBM-HH Commander Col, Kimberly A,
Peeples, the center helped 1,187 customers for the
year and prepared 2,173 state and foderl tax returms.
Because the tas preparers provided free federal and
state ta the tax center saved
$388.000 in s preparstion fees this season. The center
identified over §3 million in tax refunds for customers.
Givilian wohunecers and service members received an
award during the cerermony from Capt. Caitin Marchand,
the legal assistance anorney from the LS, Army Miluary
District of Washington and tax center officer in charge, for
their work at the tax center,
Pentagram SiaffWeiter Katring Moses at
kemoses demilitary.com.
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Drweﬂess vehicles dehvered to JBM-HH simiieman i o

are the workd's first self-driving, cognitive vehicles, and the
Joint base has been selected for research fest routss. Com- |
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PHGTOS BY A BALSBACH

Tony

Erin Mosman of the Plans, Analysis and Integration office recelves the Joint Base Myer-Henderson Hall Gi- fram Joint Base Myer-Henderson Hall Deputy Commander Marine LL
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Stoven Harris April 24. Hall,

Second quarter award ceremony held on JBM-HH

By Jim Dreshach
Pentagram StaffWriter Paclicelli addressed the gath- d Michelle Jerney-Davis of  and Morale, Welfore and Recre- (20 yeans);

group or federal service awards.  Analysis and Iniegration office  vas of the Directorate of Family  Long (25 years); Victor Frye
del Diaz, Letitia

Joint Base Myer-Henderson
Hall Deputy Commander
Marine Lx. Col. Mark Paolicelli
and Army Command Sgr. Maj.
Stephen Harris presicled over
the joint base awards recogni-
tion ceremony held April 24wt
Spates Hall

A total of 47 joint base team
members received individual,

x

ering before the awards were
distribured.

“As we show down from 100
‘miles per hour, these moments
arc important to us to recognize
all the hard work and say thank
vou for all yo the deputy
commander said.

The JBM-HH Civilian of the
Second Quarter were swarded
10 Erin Mosman of the Plans,

the Directorate of Family and
Morale, Welfare and Recre-
ation. Team of the second quar-
ter honors went to Child and
Youth Scrvices Management
team of Lovonda Cockrel
Kerry Archam, Samar Brown,
ica Smith and Tlizabeth

Civilian of the guarier run-
ner-up recipient was Deisy Ri-

arion. Team of the quarter run-
ner-up was the Child and Youth
Services Kitehen and Main-
tenance Team of Godchagon
Leincr, Ricky Tyree, Christing
Bensen, Grace Parker, Manoch
Nampah ind Chistopher Hum-
mer

Federal service award recip-
ients were Tony Hansley (33
years}; Edgar Lee and W

Douglas, Jason Lueblke, Mason
Scom Sullivan and Joseph
Robert Thompson (15 years);
Frank Chapman (10 years) and
Nichelas Hairston. John Heath,
Jrs Fran Marie Powers and Jay
Seor Vinughters were recog-
nized for five years of service,

A Civilian Service Achicve-

see AWARD page 5

Local forecast]

Nats at Bethesda. . .
NewsNotes...............page 11
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Soldiers assigned o the U.S. Army Drill Team, 4th Bat-
talion, 3d U.S. Infantry Regiment (The Old Guard), pre-
form for the Fittsburgh Marathan in Pittsburgh May 4.

Base to begin mapping
route for Olli — level
four autonomous vehicle

By Catrina Francis

Pentagram Editor

Lidirar's Note: This is part one in a
three=part stary series aboret Ofi, @
level-four autonomous vehicle that will
conduet phase one data collection on
Foint Base Myer-Henderson Hall

Throughout history the Depart-
ment of Defense has been at the
forefront of innovation. To ensure
DOD remains at the forefront, Ma-
rine Corps Installation Command
and Joint Base Myc
were selected as the
National Capital Region Local Mo-
tors Ollie Fleer Challenge in April

Although some might believe this
is new technolagy, it's not. The
technology for aurenomeus vehicles
isn't new; said David Woessner, the
vice president of corporate devel

opment and regulatory affairs with
Local Motors. He added that there
are different ways to think about
autonomous vehieles, The current
focus on autonomous vehicles really
started maore than a decade ago when
Defense Advanced Research Projects
Agency issued various challenges to
technologists and research institu-
tions to come up with vehicles that
can drive themselves, he said. Some
of this cffert can be directly tied to
work that DARP was doing in 2003,
2006 and 2007. There are five levels
ol autonomous vehicles and the vehi-
cle that will be on JBM-FLH will be a
level-four vehicle.

“Level zero is defined by the
Sociery of Automotive Engineers,

PHOTO BY GATRINA FRANGIS
and collacting d: Joint Ba:

Ol a level.
see OLLI page 7 Myer-Henderson Hall.

Military leaders complete NDU’s National Capital

Region Joint Professional Development course

By Marisol Rivera
Henderson Hall
Pubic Affairs Specialist

Leaders from each of the
Department of Defense mil-
itary branches o include the
Coast Guard. joined togeth-
er for the National Capiral
Region Joint Professional
Development course at the
National Defense Universi-
tw, Fort Lesley ]. McNair in
Washington D.C., Friday.

The Joint Professional De-
velopment course was created
to cxpand scrvice members
learning opportunities by
integratng o joint context
through enhancing the in-
dividual’s ability to operate
in a joint environment. The
instructors consisted of senior
cnlisted loaders who repro-
sented each branch of service.

“Tt is very rewarding as a se-
nior enlisted, and as a Marine,
to not only teach to a large
class but to receive feedback
from the junior leadership on
what is going on within the
entire DOD to include the
Coast Guard,” said Marine
Corps Master Sgu. Jimmie
Cuevss, adjurant chief. “As

dex
Chaplain's Camer

D-Day flyover .
News Notes. .

instructors we are building
relationships amongst our-
selves, and cross pollinating
our thought processes.”

Each instructor was as-
signed a team of service
members, which created a
diverse environment amang
the branches of service. The
members were split into five
teams, each represented a
branch of service, red tea
Marine Corps, green team:
Army, silver team: Navy, blue
team: Air Force and gold
team: Coast Guard.

Cugvas said the rationale
behind five teams instead of
one collective team allowed
them to have smaller groups.

« g teams allows for
small focus group discussions,
with the ability o look at each
branch of scrvice through a
different lens, and respect
what each others branch does
for our nation,” Cuevas said.
“We all ook the same oath,
to scrve and protect. The key
part of the focus group dis-
cussions consists of cultivat-
ing eritical thinking, eritical
leadership development; in
topics such as cultural diver-
, standards and discipline,

page 2
S i | THURS.

pageil | 73157 ‘ 711 57

Mare than 110 noncommissioned officers and petty officers from each branch of service across the National
Capital Region attended the four-day Joint Professional Development cauirse where they learned about op-
erating in a joint environment

cthical dilemmas, and cus-  to ensure the teams worked  ate the culture of the other

toms and courtesy.” together joindy. This also branches; their way of think-
Asapatofthecourseon  fostered an environment for  ing, how they function, and

the second day, cach group  the branches to interact with  the rolls they play as individ-

participated in a field meet. one another, ual branches of the military,”
‘The purpose of the field meet “I learned a lot at the said Marine Corps Cpl.

was 1o build comradery and  course, it helped me bewer  Victor Zagal, an administra-
break down service identities  understand and appreci- tive clerk.

FRI, SAT. SUN.
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US Army Blues
performs at the
National Museum
of African American
History and Culture

On Sunday the U.S. Army Blues performed at the Nation-
al Museum of African American History and Culture in
Washington, D.C. The pragram featured The LS. Army
Blues with a musical lineup that included Nina Simone's
“1 Wish | knew What it was Like to Be Frae.” Gurtis May-
field's “People Get Ready,” Sam Caok's “A Change is
Gonna Come” as well as other songs.

15, ARMY SHOTOS Y STAFF SGT. VICTORIA CHAMBERLIN

Olli’s research data can be used

for more than driving ondlt

By Catrina Francis
Pentagram Editor

Liddivar’s Nove: This is part twe in a
threc-part story series about Olf, an
AUORONIDIL four vehicle thar
will eomduct phase ane data collection
an Joins Base Myer-Henderson Hall

Using autonomous vehicles
isn’t a new concept to the De-
partment of Defense. Jim Allen,
a research and development lead
from the Engincer and Rescarch
Development Center, said Fort
Eragg had previously used an
autonomous vehicle like Ol

Twa years ago Fort Bragg
conducted a project where they
transported wounded warriors
from their housing area to the
medical care facility on post. Its
also been demonstrated at West
Point and Local Motors technol-
ogy is being used in the National
Harbor a The Maryland De-
partment of Transportation has
given them permission ta aperare

on public roads in Maryland.

“It’s proven technology, but it’s
still innovative and being devel-
oped,” explained Allen, “The act
that it’s transported people from
point A to point B (safely) and
securely has been proven 1o the
point that we are ready to go to
the next step.

“This next phase of doing it
on an installation (is) to learn

while it's doing that safe

transport what clse do we necd
1o be concerned about? If that
hadn't happened previously, they
wouldn't have been authorizes
operate on Joint Ba
derson (Hall).”

Marine L, Col. Brandon New-
ell of Marine Corps Installation
‘Command said he is excited
abour the DOD, JTBM-HH and
other partnership because the Te-
search will allow the partners 1o
unlock the future of autonomous

/670 &Y T0DD HUTCHINGS

o
see OLLI page 5  Qlli, a level-four autonomous vehicle has began mapping on Joint Base Myer-Hendersen Hall.

Missed appointments, no-shows at
Andrew Rader Clinic affect patients, staff

By Katrina Moses
Pentagram Staff Writer

There has been

num-
ber of missed ot “no-show
appointments” at the Andrew
Rader Clinic, and it has been
more harmful than helpful 1o
patients and staff, said Master
Sgt. Lacrevis Stokes, senior
enlisted advisor for Andrew
Rader Clinic.

“When you miss a medical
appointment, it keeps another
Soldier, Family member o
retires from using that ap-
pointment slot for medical

dox

Chaplain's Comer .
Memorial Day history
News Notes.

page 2
page 3

page 11 | 85 | 67 ‘ 851 67 ‘ 87 | 68 ‘

care they really need,
said,

He added that a no-show is
defined as a patient who has
an appointment who neither
uses that appointment, nor
cancels or notifies the treat-
men facility of their inabil
10 keep the

vidual feels better before an
appointment, still go to the
appointment. He or she may
learn that there are possibil-
es of having other health

issucs,
“Parients may have under-
Iying conditions, possibly

Stokes pointed out that
this affects multiple people,
Tt affects the person who the
appeintment was for, another
individual who could have
taken the appointment and
the government.

He warned that if an indi-

THURS,

even life that may
impact multiple aspects of
their lives, but if they con-
tinue to miss appointments,
then those conditions will go
unrecognized and or untreat-
ed,” Stokes explained.
According 10 Stokes, in just
the manth of April, it cost the

FRI

government §13,680 at Rader
Clini¢ from all of the no-
shows of the month.

Stokes said he understands
life happens and someone can
miss an appointment, simply
by being in traffic. He said
there is nothing wrong with
calling to reschedule

“An nt can now

al’s unit or organization might
have a penalty involved, This
may be only because the unit
or organization wants to make
sure their Soldiers and Fami-
lics arc at their best health,
The appointment line for
the purpose of canceling,
rescheduling and booking

be allocated because we can
now give it o someone else,”
Stakes suid.

It is beneficial 1o call at le
24 hours in advance to cancel
an appointment.

Stokes said that an individu-

SAT.

is (855) 227-
6331, For more information,
contact Stokes at (703)696-
7929 or by cmail at latrey-
is.1.stokes.mildmail mil

Pomagram Staff Wiiter

Katrina Mosss can be reached
ai komasest@elcmlitary.coo,

For mare weather farccasts and information, visit www.meathergor,
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Olli, a level-four autonomous vehicle has began mapping on Joint Base My-
er-Henderson Hall as part of phase one of 2 pilot program, Phase one is being

done on the joint base to gather research,

By Catrina Francis
Pentagram Editor

Edito's NoteThis is part three in @ thive-part
story sevics abour O an autonomous kevel-four
wehicle that vwll conduct phesse one data collsction
on Joine Base Myer-Henderson Hall,

Depending on when individuals were born,
some warched TV sheows, movies or cartoons
with sell-driving vehicles. Many believed that
was just the imagination of the writer and
those tvpe of vehicles were possibly some-
thing in the far away furure. Bur autonomous
vehicles are in the present and have been for a
few years,

As Joint Base Myer-Henderson Hall
continues to conduet research with Olli —a
level-four autonomonus vehicle, the Army, Ma-
rine Carps Installation Command, nerthem
Virginin, Arlington County and other counties
in the state are waiting to see if phase one of
the pilot program provides results 1o show

having this kind of vehicle will be the present
instead of the furure.

Pegey Tads, the northern Virginia regional
director of military and community partner-
ships, said the parmership began with the joint
base and fts other partners because there was
a need. She said the need in northern Virginia
und Arlingron County was the last-mile fsuc
and her organization would also like to ger
people out of cars,

“Joint Base Myer-Henderson Hall is the
largest employer in Arlington County and they
have the highest for the region rate of sin-
gle-occupancy vehicles,” she said.

She pointed out that weather can sometimes
impact an individual’s last .7 mile of his or her
commure. For example, if it's exremely hot
or cold the individual may not want to walk
i those conditions, Oll can possibly be the
bridge to that problem and fix some of the

see OLLI page 10

Remembering those who

sacrificed for America

By Jim Garamone
Defense.gov

When Jane Horton hears someone
say “Happy Memorial Day,” it makes
every one of her nerves stand on cnd.

“Thar’s not what the day s about,”
the Defense Department’s senior advi-
sor for Gold Star and surviving family
members matters, said

Sure, Memorial Day marks the
traditional beginning of the summer
vacation scason. The three-day week-
end involves picnics and barbecues
and family trips, but it is also about
acknowledging the debt Americans
owe thase who died to protect the
country,

“There s this one special day each
year called Memorial Day, and that
is the day to remember the fallen and

those who have made the ultimate
sacrifice;” Horton said.

Menuorial Day is a tme for Ameri-
cans to reflect on the sacrifices of so
many ta secure the country and pro-
et its citizens. Since the country was

founded, well over 1 million Ameri-
cans have died in the nation’s wars.
Service members are still in harm’s
way in Afghanistan, Iraq and Syria
Memorial Day grew out of the
carnage of the Civil War, when more

died giving the nation, as President
Abraham Lincoln said, a “new birth of
freedom.” After such an overwhelming
loss, Americans in the North and the
South remembered those killed.
Arlington National Cemetery — cre-
ated in 1864 1o bury those killed in the
Civil War's Overland campaign — was

PHOTO BY BY $GT, MEHOLAS T, HOLMES.

Vica President Michael Pance, the 48th vice-prasident of the United States, participates in
an Anmed Forces Full Honors wreath laying ceremony during the 151st Nationsl Memarial
Day Observance at the Tomb of the Unknown Soldier, Arlington National Cemetery, Vir-

londay. Immediately following the: ceres

ceremony, Pence delivered an address, at the

Viemorial Amphithaater, honoring fhase who gave he ulimate secrfics whi sering in

‘the Armed Forces of the United States.

the site of family picnics on Memo-
rial Day, as families from all over the
country visited 1o place flowers on the

graves of their loved ones,

These who have paid that price were
like Tane's hushand, Army Spc. Chris
topher Horton, un Army sniper llled
in Alghanistan on Sept. 9,2011.
would want people to enjoy their Lansz
weekend, she said,

“But they should rake some time 10
remermnber, and understand why they
are free,” she added. “That doesn’t
mean they have to be somber or they
have 1o obsess aver it. But they should
kecp the sacrifice in the back of their
heads.”

The best way to honor the fallen is to
Tive the best life possible — especially
for service members, she said

“Thar's whar I try to do,” she added.
“T have fun, go fishing, live the Amer-
ican dream, and remember, and learn
different stories of those who paid the
ultimate sacrifice for me”

PHATD BY JISHUA SEVBERT, AIR FORGE

Alr Foree Staff sm .lmd Amhansa\m.s the raves of fallen mmlm mambers atthe Na.  Horton is worricd that Americans

in Bridgeville,

are almost divorced from the losses

suffered by those in uniform.

“People don't understand that this
is real,” she said. “They don’t un-
derstand that people really do go to
defend us so the enemy docsn’t come
here, and sometimes they die.”

Horton is worl
support to Guld Star and surviving
familics, “because we can always do
better” she said.

“T'm also working to give more
senior leaders aceess to Gold Star and
surviving famili added

Horton said she wants senior lead-
ens 1o understand how strong these
familics arc, and that “the force needs
that strength of the families left
behind, and how we want to conin-
ue supporting the missions our loved
ones gave their lives for>

Finally, Horton suggested that
familics know the names and know
the stories of those who sacrificed for
Americans they never met.

“Learn a name this weekend,” she
said. “Teach your kids a story about
that loss. Then go and have fun

Workforce development symposium provided chance
for civilian employees to invest in themselves

By Katrina Moses
Pentagram Staff Writer

On May 21, morc than 100 Joint Basc
Myer-Henderson Hall civilian employees
attended the inaugural base workforee de-
welopment symposium,

“T am definitely excited, and I hape you
all are excited as well,” Kathy Feehan, a
waorkforce development specialist, said at
the start of the day. *I hope today’s profcs-
sional development opportunity will meet
your expectations and convey the command
team’s genuine appreciation of everyone.”

Glenn Wait, chicf of staff for JBM-HH,
said that the event took a year to plan. The
aoal was to see, “how can we invest in our
Army’s civilians.” He added that he wanted
atendees w let him know what sparked
their interest. The goal was to have the
event grow each year.

JBM-HH’s Commander Col. Kimberly

Index

Chaplain's Comer ..........page 2
AP Month observance . .. ....page 3
Fagsin . . e &7
Mews Notes ...............page 11

Peeples was also a guest speaker at the event.
“Today was designed for you,” she said.
“This is a day to invest in your professional

development in a way that best suits you.”

James Bird Guess, CEQ of JBG Success
Academy, provided a motivational session
called “Lead Like Water”

Guess, who created a $250,000 business
from the trunk of his car, provided detail
for “Tead Like Water.” The goal was to
usc water as a metaphor of lcadership, Ho
explained that he warched one of Bruce
Lee's final interviews. In the interview,

Lee was asked about his lighting style. Lee
explained that his fighting style changes for
cach opponent. The goal is to never become
predictable when fighting — one nust be
like water.

Guess said water knows how to adapt.

PHOTO B EMILY MIHALIK

It knows how to be hard to be ice, waters  (Left) Bruce Walker mens wihile. lcemer) Davis Tindoll, the director of Instal-

lation Management Com

HH chisf of taff, axpiai feteral resume umnrlg during 3 break at the May 21

and {right} Glenn Wait, the JBM-

see page 10  worki
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Olli launch set for Wednesday

By Emily Mihalik
Joint Base Public Aff:

OnWednesday, Joint Base Myer Henderson
Hall will formally welcome Olli — a level-four
autonomous vehicle, to the joint base. Those in the
JBM-HH community, including service members,
Families, retirees and ci ns are invired o arend
the 1 p.m. launch. Community members may have
alrendy seen Olli out and ahout, mapping on the
joint base as part of phase one of a pilot program.

The launch will be the first time the entire joing
base community has the oppartunity to meet Olli
and learn about the data collection rescarch project
that is being conducted.

The Olli launch is especially significant to JBM-
HH as it is a joint celebration, highlighting Army
and Marine collaboration. Marine Corps Instal-
lation Command and JBM-HH were selected as
the winner of the National Capiral Region Local
Motors Olli Fleet Challenge in April. The research
derived from the project may allow partners to
unlock the future of autonomous vehicles on in-
stallations throughout the Department of Defense.
JBM-HH has a rich histarical legacy of innovative
‘and technological firsts, and OTH marks snother step -
in the installation’s history of innovation

PHOTD BY CATRINA FRANCIS.

Joint Base Myer-Henderson Hall will hold a launch for Olli, a level-four autonomous vehicle, Wednesday in the Spates park-

see OLLI page 4 inglot.

Pierce takes HQ Company command

By Jim Dresbach
Pentagram Staff Writer

The Headquarters Company
United States Army guidon was
passed to a new leader on Summer-
all Field Joint Base Myer-Hender-
son Hall Frida

Capt. Shawn Pierce took com-
mand of the U.S. Army’s largest
company from Capt. Courtney
Fuller while Le. Col. Joshua Gillen,
Headquarters Command battal-
ion commander, presided over the
affair.

Pierce, a former battalion adjutant
for 4th Bartalion, 3d U.S. Infantry
Regiment (The Old Guard), now
holds a unique leadership distin-
tion. After 16 months as commander
of Headquarters and Headquarters
Company, U.S. Army Garrison,
he naw assumes the Headquarters
Company United States Army — the
two largest compimics in the Army.

“Shawn is such an overachiever
that command of the second-largest

in the United States Army was not
nearly challenging enough, so he
has agreed to stick around for a bit
longer and command headguarters
company,” Gillen said.

“Either I didn’t get it right the
fiest time or this is a do-over or Pm
a glutten for punishment. 1 hav-
en’t seen my evaluation yel, so I'm
probably pretty sure this is my do-
over chance,” Pierce joked during
his remarks.

Picroc’s former duty assignments
included stops at Fort Drum, New
York, Fort Leonard Wood, Missou-
i, and Guantanamo Bay, Cuba. He
is a native of Kansas City, Missou

“I'm humbled for this honor,

i id. “This command is truly

Fuller was in command of Head-
quarters Company United States
Army for over 15 months before
turning over command 1o Pierce

Peragram Staff Writer Fim

Dresbach can be reached at

idvesbach@demiliiary. com.
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BT B 1 DRESBACH
Capt. Shawn pts the guidon from Battalion Lt
Col. Joshua Gillen during the Headcuarters Company United States Army change of command
Friday on Joint Base Myer-Henderson Hall's Summerall Field.

CDC pre-k students ready to start kindergarten

By KatrinaWilson time for their first gradua-
The Pentagram tion;” said Tami McCartcr,

Cody Child Development
Almost 20 students were Center director.
adorned in cap and gown at She emphasized to parents

the 9 a.m. Strong Beginnings 1o take it all in that their child
graduation ccremony at Joint  will soon be in kindergarten.
Base Myer-Henderson Hall’s  She added thar just like the
Cody Child Development Rascal Flats song, “Let Them

Center Friday.
“It’s hard to believe ... its

Indox
Chaplain’s Comer
LGBT observance.
News Notes.

see STUDENTS page 4

Serenity Wright receives her diploma from Liza Popalza Friday at the 9
a.m. graduation. Serenity led the alphabet chant at the graduation.

5
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EHOTOS 2Y KATRINA WILSON

Students walking in for the 10 a.m. graduation at the Cody Child Development Center Friday.
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Olli starts
maiden
voyage

after
launching
on base

i, an electric-powered
autonomous_vehicle, be-
gins one of its maiden
voyages near Spates Com-
munity Club on Joint Base
Myer-Henderson Hall June
19, Joint base comman
ers, Commonwealth of
virginia transportation of-
ficials and Defense Depart-
ment staff members were
the first passengers of the
driverless vehicle, which
has a 90-day pilot study on
JBM-HH through August.
See stories and more pho-
tos o Pages 6 and 7.

PHoro 1w oREsBAGH

Wiser assumes command at Henderson Hall

By Jim Dresbach
Pentagram Staff Writer

Headguarters and Service
Battalion, Headquarters
Marine Corps Henderson
Hall has a new commander.
S. Marine Col. Robert
Wiser assumed command
from Col. Kcith Couch Fri-
day during the transfer of
colors inside Smith Gymna-
sium

Host for the change of
command was Marine Lt
Gen. Michael Dana, Marine
Corps stall dircator.
his battalion is the most
complex unit in the Marine
Corps with literally people
all over the planet,” Dana
said, “In this job, Keith and
the team did a great job
You are absolutely a fantas-
tic commander. You run an
absolutely fantastic organi-
zation with no drama and

PHOTE BY 118 DRESBATH

I. Rob-

positive leadecship.

“We are going "“‘"” PHE ot Wiser by autgoing . Keith Gouch Friday durlng me change of oviisran
positive w HelFs Sith -
another,” Dana continued
“There’s nothing like a peaple. You will get to inter-  Couch served on the Hen- 2017
command. You get to walk  act with Marines every day,  derson Hall deck and the “What a fantastic group
around and talk to young and 1 wish you the best.” joint base team since July o officers and leaders I've

had throughout the whole
time here,” Couch said
“This has been a true honor
of my life to be your CO;
I'm going to miss it. 'm
ucky and honored 1o
have had the opportunity to
be a part of this wonderful
ream.”

Wiscr is a graduate of The
Citadel and was commis-
sioned in December 1994
through the Officer Can-
didate Class Program. He
deployed to Afghanistan in
Tune 2006 where he served
as the transportation officer
in the C

“Your presence here today
signals an importance and
appreciation far the men
and women in the Marines
here at Henderson Hall,”
Wiser told the crowd. “T've
had many leaders and
mentors over the years that
led me o this path. I thank
them; I won't name them
individually, but I will strive
to live up to your invest-
ment in me.”

Puntagram Seaff Writer Fim
Dresbach can be veached o

jdresbach@demilizary.com.

JBM-HH to host
fireworks on
Whipple Field July 4

By Joint Base Myer-Henderson Hall
Public Affairs Office

On July 4, Joint Base Myer-Henderson Hall Independence Day
fircworks will be held on Whipple Field.

Wright Gate will close at 1 p.m. to vehicular traffic. Pedestrians may
still access the base through Wright Gate after 1 p.m

Whipple Field opens at 5:05 p.m. for guests to arrive for the fire-
works viewing,

Parking is in JEM-HH Tri-Services Parking, and individuals can
walk to Whipple Field

Approved visitor items at JBM-HH include: coolers, food and drink,
clear plastic battles, backpacks, strollers, diaper bags, chairs, blankets,
seat cushions, cell phones. cameras (in accordance with TBM-HH
photo policy) and service dogs. All items are subject to search

Prohibited items include: weapons (firearms and knives with blades
greater than 2.5 inches), grills, fireworks (1 include sparklers), alco-
hol, glass containers, pets, laser pointers, drones, pop-up tents and
running games such as football, baseball and Frishee,

The firewarks hegin ar 9:07 p.m.
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Viewed from Whipple Field on Joint Base
ton, D.C., skyline for Independence Day
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PENTAGRAM

Olli has autonomous vehicles

riding through peopl

S e T

Qops, Olli does it again

By Katrina Wilson
Pentagram Staff Writer

Ol a level-four autana-
mous vehicle, was the main
attraction Tucsday at a
demonstration on Joint Base
Myer-Henderson Hall when
several slate organizations
were interested in learning
more about the pair of auton-
omous vehicles.

The two Ollis were in To-
tation as they took members
of Dominion Encrgy, George
Mason University and Fairfax
Couny around JEM-HH.

Tor many of them, it was their
first time on Olli and they
inguired about the sensors

ot Olli, emergency stops and
the autonomous and manual
maode of Olli.

George Mason University’s
Sean Mallon, innovation and
entrepreneurship, was in at-
tendance. He discussed inter-
est of curting technology like
Olli and human engagement
He said with technology
like Olli, there is technology
visihility, how people think of
transportation and the under-
Iying layer of technology.

Mallon said at GMU there
are a nerwork of shurtle buses
that take students across cam-
pus or in between the school’s
campuscs.

“We spend money running
on a traditional shuttle,”
Mallon said. “Autonomous
shurtle opportunities opens
up oppartunitics to spend less
money on something similar
or more likely the same or
more money for ubiquity of
transportation. Instead of
bus every 15 minutes, a shut-
tle (can possibly run) every

from Virginia Ds

ride on Olli, a level-four autonomous vehicle.

seven and a half minutes.”
He added that the question
is, “how do you improve the
expericnce of transportation
for our students, faculy and
other stakeholders?”
Dominion Energy’s Julic
‘Manzari, innovation strate-
gist, pointed out how Domin-
ion is looking at autonomous

es for emission stability.
ot of the autonomous
wehicles are also electric,”
Manzari said, “We're very n-
terested in connected-auton-
omous clectric vehicles and
Iearn through partnerships
and pilots for what the market
will Took like in the future 1o
better serve our customers.

Dominion Energy recently
started a partnership with
Fairfax County. According to
Manzari and Eta Nahapetian,
economic initiatives coordi-
nator with Tairfax County,
they have an interest in an
autonomous vehicle traveling
from Dunn Loring to Moziac
Business District of Fairfax

The Seven Principles of

Making Marriage Work

A Practical Guide from the €

remost Kel

JOHN M. GOTTMAN, PH.D.,

and NAN SILVER

Joint Base M

- Henderson Hall Family Advocacy Program jbmhh.armymwr.

0 B PEGGY TEDE)

PHo
George Mason University, Fairfax County and Dominion Energy pose before taking a

County. Nahapetian said that
the area has a speed limit of
no more than 25 mph and it
is a highly trafficked arca.
“Our goals include de-
termining the operational
viability of an aulonomons
shuttle as a first- and last-mile
mobility salution, promote
and expand Fairfax as a place
for rescarch and as a leader
and innovator in smart com-
v iniriatives, of which
connected and autonomous
vehicle deployments arc one

ap

Being innovative is also Do-
minion’s goal

“We recognize that over
the last 10 years, we made
cfforts in making our clec-
tricity greener with renewable
encrgy resources and focus
on that emerging technalogy
with electrical vehicle proj-
ects)” Manzari said.

Manzari also said the ques-
tion is, “What will be the next
step for auronomy>"

Virginia Department of
Transportation’s Amy Tang
MicElwain, program manager
for office of strategic inno-
vation, and Amanda Hamm,
connected and automated ve-
hicles program manger were
at the demonstration as well.

“It is our job for the effec-
tive and safe movement of
people across the common-
wealth,” Hamm said.

The duo said there is inter-
est of having an autonomeus
vehicle on a public road and
seeing how people react to
Olli on public roads, inter-
sections or how Olli would
interact with vehicles infra-
structure or signals.

“Once the vehicle goes
off the base, we have differ-
ent type of street markings,
different size signings, differ-
ent signals,” McElwain said.
“How will Olli interact with
thosc things?”

She said VDOT wants to
test signal change for an
autonomous vehicle, such as
hows it will react at a stop-
light’s red, yellow or green
lights.

The two said safery is a
priority. McElwain said the
speed of Oli on public roads
is something to experiment
and see. As well as the speed
of other car’s speeds near Ol

“It is hard 1o control oth-
er peaple and whar they do,
but I want 1o see what Ol is
going 10 do, and how other
people interact (with Olli’s
speed),” she said

Pemagram Staff Writer
Katring Wilsom can be veached
ar kimasestademilitary.con.
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Appendix E: Timeline of Pilot Events and
Activities

Apri
Day
JBM-HH announced as winner of the Olli Fleet Challenge for the Greater Washington Metro-
4 politan Area. MCICOM was the lead regarding JBM-HH’s proposal submitted on 16 March.
18 Local Motors delivered data-sharing requirements to JBM-HH to begin setup.
JBM-HH and Local Motors meetings, discussion topics include communication infrastructure,
— garage space, and charging equipment on the installation.
JBM-HH purchased and installed required charging equipment. DPW identified and prepared
— garage space.
— NEC drafted mobility route.

May
-
2-7 Local Motors delivered RTK to installation and installs.
— NEC staff, in coordination with Safety Office, finalized AV mobility route.

10 Olli #10 and #13 delivered to installation. AVs get settled in the garage and charged.
Local Motors, in partnership with Robotics Research, begins mapping a subset of the mobility
13 route. This turns out to be the demonstration route (Phase 1a).

— Directorate of Emergencies Services briefed by Local Motors regarding Olli safety procedures.

14 Memorandum of Agreement signed between JBM-HH, MCICOM, and ERDC.
First weekly stakeholder meeting, discussion topics include establishing routes, 5G communi-
15 cations, garage space, and charging equipment on base.

22 Stakeholder meeting, discussion on planning the launch event.
29 Stakeholder meeting, discussion considered Amazon Web Services for data transfer.

June
DEYA EVENT / ACTIVITY
3 VDOT and Navy joined stakeholder group.

5 Stakeholder meeting, discussion considered Microsoft Azure for data transfer.

12 Microsoft Azure Blob Storage established to receive data.

12 Arlington County joined stakeholder group.
Stakeholder meeting, discussion topics included: establishing milestones for Phase 1 and cri-
teria to enter Phase 2; combining ERDC and Local Motors rider surveys; and processes for

12 signing rider waivers.

13 Sole-source contract awarded between ERDC and Local Motors to exchange data.

19 Launch Event held at JBM-HH. 90-day pilot begins.

28 First invitational Olli-ride event held. Olli carries passengers along the demonstration route.

— Pentagram published several articles regarding Olli operation on base. (Appendix D).
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July
oy
1-5 Noinvitational ride events held due to holiday.
8 Rider survey finalized and started distribution.
8 New LM Program Manager for fleet operations.
10 MCICOM applied to Olli Fleet Challenge, San Diego.
10 Vehicle sensor data successfully transferring via Microsoft Azure cloud.

17 George Mason University and Booz Allen Hamilton joined stakeholder group.
Stakeholder meeting, discussion included: initiation of fixed route mapping; data transfer lo-
17 gistics; and how to test traffic signal interactions.
— New LM safety stewards trained for operations.
— Fixed route (Phase 1b) mapping begins.
18 AV case study at JBM-HH briefed to NVRC Military Defense Communities bi-monthly meeting.
23  Meeting with AASHTO to ensure research lines of effort align with industry.
24 stakeholder meeting, discussed transition between Phase 1a and 1b.
Discussion held with Washington HQ and Pentagon Parking Department regarding Phase 2
25 operations.
31 Completion of Phase 1a operations.
31 Joint Base McGuire-Dix-Lakehurst joined stakeholder group.
31 AV case study at JBM-HH briefed to Cooperative Automated Transportation Coalition.
— FHWA announced that they are developing a readiness checklist to support AV deployment.
— Chief Council looked at data dictionary regarding data share-ability and PII.
— Pentagram continues to periodically publish articles regarding Olli operations. (Appendix D).

August
EVENT / ACTIVITY
Operational pause—Local Motors provided safety steward training and reviewed fixed route
1-8 operations, in cooperation with Robotics Research. Final route and operation times adjusted.

O
Y]
<

3 Energy meter placed in building housing the Olli AVs.
6 NVRC submitted grant proposal for Phase 2 operations.
Stakeholder meeting, discussion topics included operations. Noticed significant battery drain
7 due to high temperatures.
12 First day of Phase 1b fixed route operations.
12 ERDC gained access to API for vehicle data transfer.
14 USDOT joined stakeholder group.
14 Stakeholder meeting, discussed traffic signal system testing and identified DRSC" as a re-
quirement to mitigate risk.
LM installed sandwich boards to identify rider stops and installed signs on the rear of Olli
14 reading “makes frequent stops.” Both actions were in response to observed issues.
21 Stakeholder meeting, discussed Local Motors operational reporting.
AV case study at JBM-HH featured on Washington, DC local network program, Emerald
25 Planet.

* Dedicated Short Range Communications
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28

Day

11
17
18
30

Day

16

Stakeholder meeting, ERDC shared preliminary data analysis.
Pentagram continues to publish route schedule.
Fixed route (Phase 1b) adjusted at a stop for convenience of riders.

September
EVENT / ACTIVITY
Olli #10 lost bumper going over tire spikes near South Gate. Olli#10 was unable to provide a
full shuttle service on 4-6 Sep.

Reduce air-conditioning onboard Olli during operations to preserve battery life.

Enduring low ridership spurred an increase in advertising. JBM-HH sent a base-wide email
and posted route schedules at the bowling alley.

Olli 10 damaged while navigating tire spikes.

Stakeholder meeting, discussion of lessons learned throughout the project.

Final day of Phase 1b operations. Olli #10 and #13 shipped back to Local Motors.

Pentagram continues to publish route schedule through the month of September.

October
EVENT / ACTIVITY

Local Motors removes RTK from installation.

Stakeholder meeting, closeout—discussion of recommendations.
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Appendix F: Memorandum of Agreement

MOA-FY 19-ERDC-CERL-[NUMBER]

MEMORANDUM OF AGREEMENT BETWEEN
THE U.S. ARMY ENGINEER RESEARCH AND DEVELOPMENT CENTER
CONSTRUCTION ENGINEERING RESEARCH LABORATORY (ERDC-CERL)
AND
THE JOINT BASE MYER-HENDERSON HALL (JBM-HH)
AND
THE MARINE CORPS INSTALLATION COMMAND (MCICOM)
FOR
SMART BASES: AUTONOMOUS VEHICLES PILOT

This is a Memorandum of Agreement (MOA) between ERDC-CERL and JBM-HH and
MCICOM. When referred to collectively, ERDC-CERL and JBM-HH and MCICOM are
referred to as the “Parties”.

1. BACKGROUND: ERDC-CERL received funding from Congress to test autonomous
vehicle (AV) technology as part of smart bases in FY19. JBM-HH has interest in AV
technology demonstrations that date from a 2016 industry day at the base. MCICOM
G7 program, Installation WerX seeks to explore, identify, and implement the newest and
most efficient technologies and processes as they pertain to the development and
management of installations. ERDC-CERL, JBM-HH, and MCICOM collaborated as part
of a joint application for the Greater Washington AV Fleet Challenge to offer the JBM-
HH location as a pilot site and for ERDC-CERL to receive AV data capture and

reporting associated with an AV deployment. ERDC-CERL, JBM-HH, and MCICOM
were notified on March 15, 2019 of the base selection for the AV deployment.

2. AUTHORITY: DOD Instruction 4000.19, “Interservice and Intragovernment
Support”, April 25, 2013

3. PURPOSE: The purpose of this MOA is to formalize collaboration between ERDC-
CERL, JBM-HH, and MCICOM for the deployment of AV technology on JBM-HH in
support of mutually beneficial research and development efforts that will explore the use
of autonomous vehicles at military installations integrated with regional communities to
lower costs, improve service member and family quality of life, and enhance mission
readiness.

4. RESPONSIBILITIES OF THE PARTIES:
4.1. The ERDC-CERL will—
4.1.1. Function as the lead for Research and Development activity
associated with the AV deployment including providing a Principal Investigator
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MOA-FY 19-ERDC-CERL-[NUMBER]

4.1.2. Enter into a contract for data acquisition and delivery, and
performance reporting to ERDC-CERL with the AV provider for data and
processes that are generated during the operation of autonomous vehicles on
JBM-HH

4.1.3. Distribute to all parties draft and final Research and Development
products associated with the study, evaluation, and analysis of the JBM-HH AV
deployment

4.2. The JBM-HH will—

4.2.1. Function as the lead for operations and support of the AV
deployment on JBM-HH

4.2.2. Conduct and coordinate daily requirements and oversight of the
mobility service provider to include providing a garage for AV storage, compatible
charging station, and security.

4.2.3. Oversee AV mobility service provider set up, testing, route
operations, and deployment closure for compliance with JBM-HH processes,
procedures, and protocols.

4.2.4. Perform or assist AV provider with required mobility service
advertisement and AV user notification and education

4.2.5. Function as the lead for public affairs operations associated with the
JBM-HH AV deployment

4.3. The MCICOM will—

4.3.1. Function as the lead for the Olli Fleet Challenge submission and
associated requirements

4.3.2 Function as the lead for strategic communication internal to the DOD

4.3.3. Coordinate milestone success/failure determination for Phase 1 and
planning for Phase 2 and 3 as proposed in the Olli Fleet Challenge submission

4.4, All parties will—

4.4.1 Ensure communication with each other, their respective chains of
command, stakeholders, and public affairs offices as part of the overall strategic
communications document prepared by the Assistant Secretary of the Army for
Installations, Energy, and Environment

4.4.2. Distribute to all parties draft and final products or joint publications
associated with the Olli Fleet Challenge and the JBM-HH AV deployment

4.4.3. Allow all parties access to information, routes, equipment, and other
necessary items to perform their responsibilities under this agreement.
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MOA-FY 19-ERDC-CERL-[NUMBER]

5. PERSONNEL: Each Party is responsible for all costs of its personnel, including pay
and benefits, support, and travel. Each Party is responsible for supervision and
management of its personnel.

6. GENERAL PROVISIONS:

6.1. POINTS OF CONTACT: The following points of contact (POC) will be used
by the Parties to communicate in the implementation of this MOA. Each Party may
change its point of contact upon reasonable notice to the other Party.

6.1.1. For the ERDC-CERL—

6.1.1.1 Primary POC: James P. Allen, Principle Investigator, ph:
217.737.1253

6.1.1.2. Alternate POC: Natalie Myers, Planning Lead, ph:
217.373.6741

6.1.2. For the JBM-HH—
6.1.2.1. Primary POC: Todd Hutchings, S6, ph: 703.696.0481
6.1.2.2. Alternate POC: ???

6.1.2. For the MCICOM—
6.1.2.1. Primary POC: Lt Col Brandon Newell, Chair of Mobility
Transformation, ph: 760.500.4499
6.1.2.2. Alternate POC: ???

6.2. CORRESPONDENCE: All correspondence to be sent and notices to be
given pursuant to this MOA will be addressed,
if to the ERDC-CERL, to—
6.2.1. 2902 Newmark Drive, Champaign, IL 61822

and, if to the JBM-HH, to—
6.2.2. 204 Lee Avenue (Bldg 59), Fort Myer, VA 22211

and, if to the MCICOM, to—
6.2.3. Building #2258, San Diego, CA 92145

or as may from time to time otherwise be directed by the Parties.
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6.3. REVIEW OF AGREEMENT: This MOA will be reviewed annually on or
around the anniversary of its effective date for financial impacts and triennially in its
entirety.

6.4. MODIFICATION OF AGREEMENT: This MOA may only be modified by the
written agreement of the Parties, duly signed by their authorized representatives.

6.5. DISPUTES: Any disputes relating to this MOA will, subject to any applicable
law, Executive Order, Directive, or Instruction, be resolved by consultation between the
Parties or in accordance with DoDI 4000.19.

6.6. TERMINATION OF AGREEMENT: This MOA may be terminated by either
Party by giving at least 30 days written notice to the other Party. The MOA may also be
terminated at any time upon the mutual written consent of the Parties.

6.7. TRANSFERABILITY: This Agreement is not transferable except with the
written consent of the Parties.

6.8. ENTIRE AGREEMENT: Itis expressly understood and agreed that this MOA
embodies the entire agreement between the Parties regarding the MOA's subject

matter.

6.9. EFFECTIVE DATE: This MOA takes effect beginning on the day after the
last Party signs.

6.10. EXPIRATION DATE: This Agreement expires on . [insert a date]

AGREED: [Approval Authority signatures will never be alone on a blank page]

For the ERDC-CERL— For the JBM-HH—

Dr. Lance Hansen, Director COL Kimberly Peeples, Garrison Commander
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For the MCICOM—

COL Che Bolan

(Date)
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Appendix G: Example Weekly Report provided
by Local Motors

local
motors

TABLE OF CONTENTS

. JBMHH Local Motors Manpower

. July Ridership Summary

. Phase 1a & Phase 1b Map

. JBMHH Bus Schedule

. (Phase 1b) Weekly Summary Data (12-16 Aug 2019)
. Olli and Steward Safety Checks

. Issues/Concerns

. Next Steps

W 00N 6! R W NS

. Questions
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JBMHH Local Motors Manpower

Organization

3
Marci Patterson
Fleet Project Manager
Giovanni Medina
Safety Steward Safety Steward
JBMHH July Ridership Summary g

Installation NVCR Totals

Events 16
Ridership 171
WEEK 1 WEEK 3
DATE RIDERS EVENTS DATE RIDERS EVENTS
8-Jul 2 Installation: DFMWR 22-Jul N/A Mapping Long Route
9-Jul 41 INVRC: FFX County 23-Jul 12 NVCR: NVTC
10-Jul 18 Installation : DPW/HQs/EEQ 24-Jul N/A Mapping Long Route
11-Jul 5 INVRC: EPA 25-Jul 18 INVCR: Pentagon
12-Jul 10 INVRC: Students 26-Jul N/A Mapping Long Route
o s
WEEK 2 WEEK 4
DATE RIDERS EVENTS DATE RIDERS EVENTS
Installation: CDR MG Banta 9/LM: Kaust Visit 29-Jul N/A Long Route Training
15-Jul 23 14 30-Jul 3 NVRC: AARP
16-Jul 7i INVCR LM: Intel (LM) 3/Installation: Twightlight Tattoo
17-Jul _|Static Display [CMC Town Hall 31-Jul 55 52
18-Jul | Static Display [CMC Town Hall _1-Aug N/A [Training NH
Total 31 Total 64
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JOINT BASE MYER - HENDERSON HALL

AUTONOMOUS SHUTTLE ROUTE

) Phase 1a & Phase 1b

S - 0 125250 500 750 1000
e ——) T

Legend
m Olli Stops g

== Olli Route- Phase 1a
== Olli Route- Phase 1b
Installation Boundary

iy
i
iy
Hing
i

STOP1 |  WrightGate 11.00:00AM | STOP1 |  WrightGate 11:20:00aM | 11111
STOP2 Motor Pool 11:02:00AM STOP2 Motor Pool 11:22:00AM g

STOP3 Patton Hall 11:05:00AM STOP 3 Patton Hall 11:25:00AM | ””I |
STOP4 Conmy Hall 11:07:00AM STOP4 Conmy Hall 11:27:00AM l’l‘i " i‘“wm‘w
STOPS Library 11:09:00AM | STOPS Library 112s00am | :m:
STOP6 Shoppette 11:13:00AM STOP 6 Shoppette 11:33:00AM

STOP7 Post Exchange 11:15:00AM STOP7 Post Exchange 11:35:00AM

STOP8 Commissary 11:20:00AM STOP8 Commissary 11:40:00AM

STOP9 | SouthGate 11:23:00aM | sToP9 South Gate 11:43:00AM

STOP 10 Commissary 11:29:00AM STOP 10 Commissary 11:49:00AM

STOP11 Memorial Chapel 11:33:00AM STOP 11 Memorial Chapel 11:53:00AM
STOP 12 Spates 11:36:00AM STOP 12 Spates 11:56:00AM
STOP 13 Dining Hall 11:37:00AM STOP 13 Dining Hall 11:57:00AM
STOP 14 0Old Post Chapel 11:39:00AM STOP 14 Old Post Chapel 11:59:00AM

STOP1 Wright Gate 11:44:00AM STOP 1 Wright Gate 12:04:00PM

STOP2 Motor Pool 11:46:00AM STOP2 Motor Pool

STOP3 Patton Hall 11:49:00AM STOP3 Patton Hall

STOP4 Conmy Hall 11:51:00AM STOP4 Conmy Hall

STOP5 Library STOP 5 Library

STOP6 Sh STOP 6 Shoppette

STOP7 Post Exchange STOP7 Post Exchange

STOP8 Commissary STOP8 Commissary

STOP9 South Gate 12:07:00PM STOP9 South Gate
STOP 10 Commissary 12:13:00PM STOP 10 Commissary

STOP11 Memorial Chapel 12:17:00PM STOP11 Memorial Chapel
STOP 12 Spates 12:20:00PM STOP 12 Spates

STOP 13 Dining Hall 12:21:00PM STOP 13 Dining Hall
STOP 14 Old Post Chapel 12:23:00PM STOP 14 Old Post Chapel
END Wright Gate 12:28:00PM END Wright Gate
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(Phase 1b) Weekly Summary Data

12-16 August 2019

Date Veh Start Finish Coordinator Guest Route Route Static #of #of #ofmanual  Reason for
# Time Time Phase Phase 1b Display passengers passengers Takeovers Takeovers
1 d4miles or  AVme Manual Mode  (TKOs) (TKOs)
-9 miles Manual
not
mapped
Mot yieding and
812 13 1100 1230 installaion  Bus 1 Shuttie Service ) 88 NA 2 0 2 Software Issues
812 10 1230 1330 M Pick Up Signs (] 41 WA 0 ] [}
813 10 827 941 M Place Signs ] 41 A [ ] [
813 13 900 930 NVCR Voot 09 0 A 7 (] [
Stuck and Excessive
Braking several
parked cars
813 13 1100 1230 installaion  Bus 1 Shuttie Service 0 108 NA 1 0 2 along stop 4
813 13 1230 1330 M Pick Up Signs 0 41 NA 0 0 0
&4 13 906 953 M Place Signs 0 41 A ] 0 0
814 13 1100 1230 installation  Bus 1 Shuttle Service 0 88 NA 2 0 1 Parked Car
814 10 1230 1330 M Pick Up Signs 0 41 NA 0 0 0
815 13 900 9% LM Place Signs 0 41 NA 0 0 0
815 13 1100 1230 installaion  Bus 1 Shuttle Service 0 88 NA 0 (] 1 Parked Car
815 10 1230 1330 M Pick Up Signs 0 41 A (] 0 [}
815 10 1330 1425 installaion MG McGuire 04 ] NA 8 (] [}
816 13 900 93 Place Signs. 0 41 NA 0 ] 0
816 13 1100 1207 installaion  Bus 1 Shuttie Service 0 43 NA 0 0 [
816 10 900 1100 NVRC Public Affairs 18 ] NA 1 0 0
816 10 1425 1439 LM Pick Up Signs 0 41 NA 0 [ [}
Total 31 825 2 ] 5

Takeover
Response

Pulled Ebrake

TKO unti pass
stop 4

of
reengaged

Drove Around
reengaged

Drove Around
reengaged

Operational Opera
Hours

130
1.00

030

127
1.00
045

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
030

030

tional Reason for Operational  Beginning
Downtime  Operational

Downtime
Downtime Fix

Battery
Charge

Reset HD

HDEmor  connection 9

Ending
Battery
Charge

Olli and Steward Safety Checks

D hwWN

PLEASE

FASTEN YOUR SEAT

BELTS

OLLI SAYS

Morning/Evening Operational Briefs

Pocket Safety Steward Cards

Steward Safety Signs Posted inside Vehicle
No Seatbelts — NO Movement

Frequently Stop — Stay 100ft Back

Out of Service Signs

| OLLISAYS i
PLEASE E

FOR YOUR SAFETY

YOUR SAFETY STEWARD

15

GIOVANNI MEDINA

DO NOT DISTRACT
THE SAFETY STEWARD

For more Info on “Olli” go to

BNe e e

Frontside
Steward Safety Brief

Safety Is Your #1 Priority
Check Daily Operations
Check proper clothing
Check safety equipment
Check safety signs posted
Check Phone is charged
No use of devices while moving
Seatbelts on or Olfi doesn't move
.Hand near the hand-break
“at the ready position”
to take over at anytime
Always Remember

You are the Safety Steward

If you don't feel safe at any time
notify your PM ir ic

Backside
EMERGENCY PROCEDURES
1. Emergencies always dial 911
Car accidents/pedestrian injuries
2. Installation Police: 703-588-2809
3. Render aid if you feel comfortable
4. Call Marci (PM): 703-340-6967
- Matt (EVP): 480-319-1803
- Eric (TECH): 480-790-4571
-Todd (Install): 703-217-9307
5. Any Olli Software issues contact
Mike Carpenter (RR):301-512-6671
Eric (LM): 480-790-4571
6. Any Olli Hardware issues contact
Eric (LM): 480-790-4571
Taylor (LM):480-376-3103
7. Always follow up with Emails to
mpatterson@local-motor.com

‘scekirdek@local-motors com
tiones@iocatmotor

putney@roboticresearch.com
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ISSUES/CONCERNS

1. Only one charging station (2- Ollis): Challenging if we have additional Demos added

to the schedule
2. Having to place/pick up signs (Maybe permanently leave signs out?)

3. No community communication strategy - Olli's not running a second shift?
(Create additional sign on board annotating- “Only Bus 1 Running Today”)
4. Drivers passing Olli during the stops in the crosswalk? (Coordinate with Police to be

stationed in Spates or Bowling parking lot)

Next Step

Working Deliverable Status Chart

Preparing word document for weekly report

Creating morning and evening bus schedule
16-19 Sep 0800-1000
21-27 Sep 1430-1600

1.
2.
3.

i
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Thank you.

www.localmotors.com

(f) localmotors
calmotors

(w) localmotors

A comprehensive list of weekly reports from Local Motors is provided as a
supplemental document.
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Appendix H: Outline of Local Motors Report

Local Motors provided a final report that included many attachments. The
structure of the report and documents are shown below, while the report

itself is provided as a supplementary document.

LM Report Outline:

Final Report
Deliverables Chart
Deployment Package
Site Survey

Launch Checklist
RTK Check In/Out
Tool Kit Packing List

. Onsite Vehicle Operational Checklist
. Data Upload Document

. RTK Setup Document

. Site Setup Checklist

. Olli Data Spreadsheet

. MDOT Process

. Safety Steward Job Description

Olli Vehicle Safety Briefing and Emergency Document

. Safety Steward Pocket Brief
. Shutdown and Closure Report
. Robotic Research Olli Map.
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Appendix I: Example Raw Data

|Ra1w data format storage for Robotics Research data sets

/{ From PCAN-Gateways_Developer-Documentation_eng.pdf

!/ |Blockedhttps://www.peak-system.com/produktcd/Pdf/English/PCAN-Gateways_Developer-
Documentation_eng.pdfBlocked)

// 1.3.2 Structure of the Transmitted CAN data in the IP Frame

[/ Length Field name Meaning
[[r====zzmzzszeazszsssszzsszszeszssszsssszsssssssszszeezssssssssssssssssssss
// 2 Byte Length Fix value 0x24. This corresponds to decimal 36 and

I/ indicates the total length of the data packet including

/W this Length field in bytes.

I 2 Byte Message Type  Fix value Ox80. This value represents a CAN data frame.
// 8 Byte Tag Not used in the current version.

/4 Byte Timestamp Low Timestamp of CAN messages in microseconds. The value
I has no effect on the transmission of frames. This

i information is purely informative.

/! 4 Byte Timestamp High, Timestamp of CAN messages in microseconds. The value
I/ has no effect on the transmission of frames. This

/! information is purely informative.

/{1 Byte Channel Not used in the current version.

I/ 1 Byte DLG The Data Length Count (DLC) gives the length of the

I/ CAN data in bytes.

// 2 Byte Flags Mot used in the current version.

/f 4 Byte CAN ID Bit 0-28_ID.

I Bit 29 Fix value 0

i Bit 30 RTR

/! Bit 31 1 for Extended Frame, O for Standard Frame.

/! 8 Byte CAN Data This field always contains 8x8 data bytes.

I/ Note: Use only as many bytes as the DLC indicates. All

I the following bytes are available but invalid.

/{ The values are stored in Netwaork Byte Order. The CAN data is stored as single bytes // in ascending
order.
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Appendix J: Example Dataset

The API has a number of calls that, when provided parameters (vehicle id,
time, etc.), will return information for the following sensors and or faults.

The description of the API endpoints and available data can be found here

https://apidocs.ollionline.us/customer

Below is an example of data returned from the endpoint

/vl/diagnostics/aux?{cid}{vid}{date}{offset}

Vehicle ID -

DateTime of data entry
Epoch Time of Sensor Reading from the following:
Brake Switch

Brake Light Left

Brake Light Right

Brake Light Middle

Light Low Beam

Light Hi Beam

Light Turn Right

Light Turn Left

Reverse Light

Running Light

Ignition Input

Door Enable

AC Request

AC Compressor Enable
ACTrinaryCompressorSw
ACTrinaryFanSw
HeatSwRequest
BlowerHiFront
BlowerHiRear

Horn Enable

Door Buzzer Enable
ACCompressorHV
vcu_KeySw

HVILBool

Heater Command Per
HVILDCPer
CoolingFanReqgPer

AC Compressor Speed
AC Compressor HV Input
powertrainVehicleTripData
powertrainOnTime


https://apidocs.ollionline.us/customer/
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bmsHVBatteryVoltage
bmsHVBatteryCurrent
BatteryCellTempMax
BMSState
VCUtoBMSStateReq (Vehicle Charging Unit)
BatteryFaulted
VCUStateDemanded
BrusaStateActive
VoltageSetpointRequest
ChargerTemperature
PhaselACVoltage
Phase3ACVoltage
ChargerEnabled
InverterTemperature
InverterVoltage
InverterEnabled
InverterFaulted
MotorSpeed
TorqueRequest
FeedbackTorque
MotorTemperature
ParavanEnable

Joystick

IgnitionActive
VehMoving
ParavanCriticalFault
SteeringActive
ManualAPP
ParavanBackUpVoltage
ParavanBraking
ParavanSteering
brakeslightstires - Data for brake activation, signal lights, head lights, and tire pressure
(TBD)

tailLights

brakelLights

signalLights
brakeActivated
emergencyButton
headLightsLowBeam
headLightsHighBeam
destination - Data for destination, stops
destReached
busStopNames
totalBusStops
nextDestination
prevDestination
maintenanceStopNames
totalMaintenanceStops
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faults - Array of current faults
faultList

nav - Navigation data

yaw

roll

pitch

speed

valid

heading

latitude

longitude

status - Different states of Olli
olliState

doorStatus

batteryStatus
olliTransmission

doorstatus
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Appendix K: ERDC Survey Questions

Fourteen question survey approved by the Human Research Protection
Program of ERDC:

Survey Questions

Questions in this survey are intended to be answered by both riders and non-riders of OIN. Please onswer oll questions to the
best of your ability stemming from your observation of the autonomous vehicle. This is an anonymous survey, do not record
your name or any other identifying information on this form.

Activity: Human Factors JBMHH Survey for Autonomous Vehicles [AV)
Project Identification Number: 2019-02-NR
Investigater: Lance L. Larkin, PhD, CEERD-CERL

1. What is your age? (Only adults of 18 years and older.)
2. Circle what describes you best:

Live or work Work for the Dept. Do NOT work for the
gn base of Defense off-base Dept. of Defense

3. Circle the most appropriate description of your interaction with the vehicle:
Safety Operator Passenger Observer (not riding on vehicle) Other
4. How many times have you been a passenger on this vehicle?
Zero 1-2 £ 9 10 or more
5. s this your first time filling out this questionnaire (circle one)?
Yes No

6. Have you been informed about the safe operation of this vehicle from any of the following
sources? Circle all applicable answers. If you did not ride the vehicle, answer using any
information you might have already seen about the vehicle.

Info via Audio Steward/safety Ads or None
videg display information operator publications

Directions: Please rate your agreement with each item based on your past or current
experiences with the vehicle.

7. The vehicle is intelligent (circle one)

Strongly Disagree Somewhat Neither Somewhat Agree Strongly
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8. h’he vehicle will be used regularly by people at Joint Base Myer-Henderson Hall (circle one)

Strongly Disagree Somewhat Neither Somewhat Agree Strongly
Disagree Disagree Agree nor Agree Agree
Disagree

9. The vehicle is safe (circle one)

Strongly Disagree Somewhat Neither Somewhat Agree Strongly
Disagree Disagrese Agree nor Agree Agree
Disagree

10. The vehicle is trustworthy (circle one)

Strongly Disagree Somewhat Neither Somewhat Agree Strongly
Disagree Disagree Agree nor Agree Agree
Disagree

11. If you were a rider: the vehicle and the ride were comfortable. (circle one)
If you were NOT a rider: the vehicle appeared to give a comfortable ride.

Strongly Disagree Somewhat Neither Somewhat Agree Strongly
Disagree Disagree Agree nor Agree Agree.
Disagree

Directions: Please rate the acceptability of each item based on your past or current experiences
with the vehicle.

12. The vehicle avoids other vehicles, obstacles, and pedestrians without human intervention.

Totally Unacceptable Slightly Meutral Slightly Acceptable Perfectly

Unacceptable Unacceptable Acceptable Acceptable

13. The vehicle responds to traffic rules (e.g., road signs, road rules) without human
intervention.

Totally Unacceptable  Slightly Neutral Slightly Acceptable  Perfectly

Unacceptable Unacceptable Acceptable Acceptable

14. Please leave any open-ended feedback prompted by the survey. Write the number of the
guestion if you are referring to your answers above.
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Appendix L: Combined JBM-HH Survey

The combined 21-questions taken from Local Motors’ user experience sur-
vey and CERL’s rider and non-rider analysis survey:

Survey Questions
Questions in this survey are intended to be onswered by both riders and non-riders of OIli. Please answer all guestions to the
best of your ability stemming from your observation of the outonomous vehicle. This s an anonymaous survey, do not record
your name or any other identifying information on this form.

Activity: Human Factors IBMHH Survey for Autonomous Vehicles [AV)

Project Identification Number: 2015-02-NR
Investigator: Lance L. Larkin, PhD, CEERD-CERL

1. On a scale from 0-10, how likely are you to recommend Olli to a friend or colleague (circle answer)?

0 1 2 3 4 5 B 7 ] g 10
Not at Extremely
all ikety likely

2. What is your age? (Only adults r.|'|f 18 vears and older.)
3. Why did you ride Olli today?
Curiosity Convenience Accessibility Analysis
4. How do you normally get around the base?
Walking Biking Base transportation Personal vehicle
5. ]a the vehicle and the ride comfortable?

Not at all Uncomfortable Somewhat Acceptable  Somewhat Comfortable Extremely
comforiable uncomfortable comfortable comfortable

6. How would you rate the value of Olli operating on the base?
Extremely valuable Very valuable Moderalely, valuable Slightly valuable Not at all valuable

1. Were you provided enough information by people or other means to feel safe riding the vehicle? Select all applicable answers. If
you did not ride the vehicle, answer using any information you might have already seen about the vehicle,

Word of mouth  Steward/Safety Operator Media None  Information operator publications
8. Which is the most appropriate descnption of where you work andior live?

Live or work Waoyk for the Dept. of Do NOT work for
on base Defense off-base the Dept. of Defense

9. What features would make Ofli better?

10. Select the most appropnate description of your interaction with the vehicle:
Safety Operator Passanger Observer (not nding on vehicle) Other,
11. How many times have you been a passenger on this vehicle?

Zero 1-2 34 a9 10 or more
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12. Is this your first time filling out this questionnaire?
Yes Mo
Directions: Please rate your agreement with each item based on your past or current experiences with the vehicle.

13. The vehicle is intelligent. (Select one)

Strongly Agree  Somewhat Meither, agree Somewhat Disagres Strongly

Agree agree nor disagree disagres disagres,
14. The vehicle will be used regularly by people at Joint Base Myer-Henderson Hall. (Select one)

Strongly Agree  Somewhal Meither agree Somewhal Disagree Strongly

Agrea agree nor disagree disages disagreg
15. The vehicle is safe. (Select one)

Strongly Agree  Somewhat Meither agree Somewhat Disagree Strongly

Agree agreg nor disagree disagres disagree.
18. The vehicle is trustworthy. (Select one)

Strongly Agree  Somewhat Meither agree Somewhat Disagree Strongly

Agree adree nor disagree disagree. disagree
17 If you were NOT a nder: the vehicle appeared fo give a comfortable nde.

Strongly Agree  Somewhat Neither agree Somewhat Disagree Strongly

Agree areg nor disagree disagres disagres.

Directions: Please rate the acceptability of each item based on your past or current experiences with the vehicle.

18. The vehicle avoided other vehicles, obstacles, and pedestrians without human intervention.

Perfectly Acceptable Slightly Neutral Slightly Unacceptable Totally

Acceptable acceptable unacceptable unaccepiable,
19. The vehicle responded to traffic rules (e.g., road signs, road rules) without human intervention.

Perfectly Acceptable Slightly Neutral Slightly Unacceptable Tokally

Acceplable acceptable unacceptable unacceplable,

20. Will you ride Olli again?
Yes No

21. Please leave any open-ended feedback prompted by the survey. Write the number of the question if you are refeming to your
answers above.
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Appendix M: ERDC Online Survey

The information sheet given out to people when they did not have time to
fill out a JBM-HH survey on site:

Survey Information Sheet

Welcome to the future of transportation! This survey allows you, as either a passenger or non-rider of
the Olli Autonomous Vehicle (AV) shuttle, to offer your observations of AV operations. This short 10
guestion survey provides detailed information to the Army Corps of Engineers about your experience on
olli.

Please access the survey online through the link at https://www.surveymonkey.com/r/SYSVZSZ
gruse the following QR code.

For concerns please contact Primary Investigator:
Lance Larkin,

Army Corps of Engineers

ERDC-CERL

217-373-3358

lance.llarkin@usace.army.mil

Activity: Human Factors JBMHH Survey for Autonomous Vehicles (AV)
Project Identification Number: 2019-02-NR
Investigator: Lance L. Larkin, PhD, CEERD-CERL
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